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OBSERVATIONS  UPON  FILARIA  PHILIPPINENSIS  AND  ITS 

DEVELOPMENT  IN  THE  MOSQUITO. 


By  P.  M.  AsHBiRN  and  Charles  F.  Cbaig.* 

(From  the  laboratory  of  the  Initcd  IStatvs  Army  Board  for  the  Study  of  Tropical 
Diseases,  Division  Hospital,  Manila,  P.  /.,  and  the  Bioloyical  Laboratory  of  the 
Bureau  of  Science.) 

INTRODUCTION. 

In  a  special  report  submitted  to  tlie  Surgeoii-(ieiieral  of  the  Army  in 
May,  1900,  and  published  in  the  American  Journal  of  the  Medical 
Sciences  in  September  of  that  year,  we  described  a  new  blood  filaria  of 
man,  to  which  we  gave  the  name  Filaria  philippinrnsis  sp.  nov.  bcnause  of 
its  occurrence  in  a  native  of  the  l^liilippine  Islands. 

We  considered  that  tliis  filaria  represented  a  new  species,  and  tliat  it 
was  j)ro])ably  the  only  one  indigenous  to  these  Lslands;  a  new  species, 
bcH:-ause  of  its  morphology,  lack  of  j>eriodicity  and  the  rarity  of  fila- 
riasis  in  the  Philippines;  the  only  indigenous  one,  bwause  the  previous 
descriptions  of  the  filaria*  o])served  in  natives  of  these  Islands  contained 
nothing  which  would  exclude  the  possibility  that  the  observers  might  have 
been  dealing  with  Filaria  /jhilipifinrfisis. 

When  our  })reliminary  communication  regarding  this  parasite  was 
written  we  had  seen  but  one  case  of  infection  with  it,  but  since  then  we 
have  had  the  opportunity  of  studying  four  additional  cases,  all  in  natives 
of  the  Philippine  Tslaiuls.     To  Doctor  Albert  L.  Miller,  contract  surgeon, 

'  P.    M.    Ashlmni,   captain    and    as>istant    siir^^oon,    I'liitod    Statos    Army,    and 
Charles  F.  Craig,  firMt  li<*utfinint  and  assistant  surgeon,  United  States  Army,  con- 
stituting the  United  States  Army   Board   for  the  Study  of  Tropical   Diseases  as 
They  Occur  in  the  Philippine  Islands. 
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this  being  impossible  because  of  the  closeness  with  which  it  envelops  the 
body.  In  very  rare  instances  in  the  fresh  specimen,  the  sheath  may  be 
seen  to  be  flattened  out,  having  a  ril)))on-like  appearance,  but  even  when 
this  occurs  the  filaria  does  not  enter  the  flattened  portion  projecting  at 
either  extremity. 

We  are  not  able  to  add  anything  to  our  previous  description  of  the 
anterior  V  spot,  the  central  viscus,  the  posterior  V  spot  or  the  tail  of 
the  worm  as  observed  in  the  blood  of  man ;  the  same  is  true  of  the  meas- 
urements of  the  filaria  as  given  by  us  and  the  morphology  of  the  stained 
specimen. 

Motility, — In  our  original  description  we  stated  that  Filaria  phUippi- 
nensis  possessed  two  forms  of  motility,  one  lashing  but  not  progressive, 
which  is  most  frequently  observed;  the  other,  a  marked  progressive 
motion  occurring  but  rarely.  In  our  examinations  of  the  filaria?  in  our 
additional  cases  we  have  given  special  attention  to  the  character  of  the 
movements  exhibited  by  them  and  have  found  that  progressive  motion 
is  much  more  common  in  fresh  blood  specimens  than  we  at  first  supposed 
to  be  the  case.  We  have  found  that  in  thick  blood  smears  progressive 
motion  occurs  very  frequently,  if  not  as  a  rule,  and  we  have  also  observ^ed 
it  in  very  thin  smears ;  when  it  takes  place  the  movement  is  serpentine  in 
character,  the  head  advancing  through  the  surrounding  masses  of  blood 
corpuscles  with  considerable  rapidity.  In  a  fairly  thick  smear,  in  one 
instance,  a  filaria  in  three  minutes  crossed  four  18-millimeter  (J-inch) 
microscopic  fields  in  almost  a  straight  line ;  in  another  case,  eight  18-mil- 
limeter (§-inch)  fields  were  traversed  in  half  a  minute;  in  a  blood  smear 
in  which  the  cells  were  arranged  in  a  single  layer  a  filaria  crossed  a 
18-millimeter  (§-inch)  field  in  one  minute  and  six  4.25-millimeter  (i- 
incli)  fields  in  three  minutes.  Even  when- a  portion  of  the  specimen  was 
reached  in  which  the  blood  cells  were  in  very  small  numbers,  or  indeed 
absent,  the  filaria  did  not  show  entire  loss  of  progressive  motion,  although 
such  clear  spaces  caused  a  temporary  cessation ;  in  such  instances,  after  a 
few  moments  of  twisting  and  turning,  tlie  head  of  the  parasite  would  shoot 
forward  and  the  progressive  motion  be  resumed;  in  this  way  we  have 
seen  a  filaria  traverse  four  such  open  spaces  in  a  specimen  of  blood  and 
in  each  instance  as  soon  as  it  reached  the  intervening  clumps  of  blood 
corpuscles  the  progressive  motion  becrame  more  rapid  and  regular  in 
character.  At  times  the  tail  end  advanced  but  this  was  invariably  followed 
almost  immediately  by  a  propulsive  effort  of  the  tail  which  pushed  the 
head  and  body  forward  for  a  considerable  distance,  after  which  the  head 
continued  its  advance.  In  one  specimen  we  observed  ])rogressive  motion 
of  filaria?  for  two  hours  after  the  blood  was  collected. 

It  should  1)0  renumibered  that  the  movements,  both  lashing  and  progres- 
sive, which  have  been  described  occur  while  the  filaria  is  still  inclosed 
within  its  sheath,  progressive  motion  being  unimpeded  by  the  latter. 
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Periodicity. — Filaria  philippincnsis  presents  no  periodicity  as  regards 
the  time  of  its  appearance  in  the  peripheral  hlood  or  the  number  of 
embr}'08  present  at  any  one  time.  We  have  made  extensive  observations 
regarding  periodicity  in  all  five  cases  of  infection  with  this  filaria  and  can 
state  conclusively  that  it  can  be  foTind  in  th(»  peripheral  blood  at  all 
hours  of  the  day  and  night  and  in  practically  the  same  numbers  at  all 
hours.  The  following  table,  which  gives  the  results  of  examinations  made 
every  three  hours  during  the  twentv-four,  demonstrates  the  lack  of 
l)eriodicity  in  Filaria  phiUppivPtK^is: 


Case  number  t. 


Number  in  individual  counts. 

7  a.  m.,  3  filariip  in  3  blood  smeiirs. 
10  a.  m.,  2  filariw  in  3  blootl  smears. 

1  p.  m.,  2  filariiP  in  3  blood  smears. 

4  p.  m.,  1  filaria  in  3  blood  smears. 

7  p.  m.,  2  filarijB  in  3  blood  smears. 
10  p.  m.,  1  filaria  in  3  blood  smears. 

1  a.  m.,  3  filariff  in  4  blood  sme^irs. 

4  a.  m.,  2  filarinp  in  3  blood  smears. 


Avenif/c  per  day  and  night. 


7  a.  m.  to  7  p.  m.,  S  filariir 

in  12  smears. 
7  ]).  m.  to  7  a.  m.,  8  filariip 

in  13  smears.     ^ 


Case  number  2. 


Number  in  individual  counts. 

7  a.  m.,  5  filaria?  in  3  blood  smears. 
10  a.  m.,  1  filaria  in  4  blood  smears. 

1  p.  m.,  1  filaria  in  3  blood  smears. 

4  p.  m.,  1  filaria  in  3  blood  smears. 

7  p.  m.,  2  filariflB  in  3  blood  smears. 
10  p.  m.,  3  filariffi  in  3  blood  smears. 

1  a.  m.,  0  filaria  in  3  blood  smears. 

4  a.  m.,  3  filarial  in  4  blood  smears. 


Average  per  day  and  night. 


7  a.  m.  to  7  p.  m.,  8  filarise 

in  13  smears. 
7  p.  m.  to  7  a.  m.,  8  filarise 

in  13  smears. 


Case  number  .'?. 


Number  in  individual  counts. 

7  a.  m.,  2  filariir  in  3  blood  smears. 
10  a.  m..  1  filaria  in  4  blood  smears. 

1  p.  m..  3  filariiip  in  3  blood  smears. 

4  p.  m.,  2  filariiP  in  3  blood  smears. 

7  p.  m.,  4  filariie  in  3  blood  smears. 
10  p.  m..  0  filaria  in  3  blood  smears. 

1  a.  m..  5  filaria*  in  4  bl(M)d  smears. 

4  a.  m.,  1  filaria  in  3  blood  smears. 


Average  per  day  and  night. 


7  a.  m.  to  7  p.  m.,  8  filari^e 

in  3  smears. 
7  p.  m.  to  7  a.  m.,  10  filariie 

in  13  smears. 


A  study  of  the  above  table  will  show  that  at  no  <lefinite  time  during  the 
twenty-four  hours  can  the  filaria*  be  said  to  be  numerous  enough  to  be 
characteristic  of  that  time,  and  that  no  difTercnce  exists  in  the  number 
ol)served  in  the  j)eripheral  blood  during  day  and  night.  This  fact, 
together  with  the  presence  of  a  sheath  in  Filaria  philippinensis.  serves  to 
differentiate  it  from  any  other  filaria  which  has  bwn  descril)ed  as  infecting 
man.     It  should  l)e  noted  that  it  occurs  in  small  nund)ers  at  all  tinu^s 
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aiid  this  has  been  a  prominent  feature  in  all  of  our  observations.  It  ap- 
pears to  us  that  this  is  a  point  of  considerable  diagnostic  importance,  for 
in  all  five  of  the  cases  practically  the  same  number  of  filariaj  was  ol)8erved 
and  that  number  was  always  a  small  one  when  compared  with  the  immense 
quantities  of  Filaria  nodurna,  Filaria  diurlia,  and  Filarm  perstans  Manson 
which  are  commonly  found  in  cases  infected  by  the  last  three  organisms. 

Pathogenicity. — Jn  none  of  the  cases  did  we  observe  any  symptoms  or 
pathological  lesions  which  we  could  feel  justified  in  considering  as  being 
due  to  the  presence  of  the  filaria.  As  stated  in  our  original  communica- 
tion, one  patient  had  a  history  of  having  suffered  from  chyluria,  but 
during  the  time  he  was  under  our  oi)servati(m  he  presented  no  symptoms; 
one  man  had  a  periostitis  while  under  observation  and  one,  amoebic 
dysentery.  An  examination  of  the  fjecc^s  of  three  of  the  four  Scouts 
demonstrated  an  interesting  series  of  combined  infections  due  to  animal 
parasites.  Of  the  thrtx?  men,  one  had  a  combined  infection  with  Filaria 
philippineusis.  Anchylostoma  duodejialirS  and  Trichoceplmlus  dispar;  the 
second,  with  Filaria  philippineusis,  Entamo'ha  dy sentence,  Anchylostoma 
duodenalis  and  I'richocephalns  dispar.  and  the  third  with  Filaria  philippi- 
nensis  and  Anchylostoma  duodenalis.'^ 

THE    DEPELOPMENT    OF    FILARIA    PIIIIJPPINENSIS    WITHIN    CDLEX 

FATIGANS. 

We  have  made  numerous  examinations  of  mosquitoes  which  were  in- 
fected by  biting  patients  who  harbored  embryos  of  Filaria  philippinensis, 
most  of  the  insects  so  infected  \mng.Culex  fatigans  Wied,  some  few  being 
Stegomyice.  In  our  examinations  we  have  not  found  that  the  filariae 
undergo  any  development  in  Stegomyia',  and  think  it  probable  that  they 
do  not,  for,  while  our  observations  on  this  point  are  not  sufficiently 
numerous  to  justify  us  in  making  positive  statements,  it  is  asserted  by 
Daniels  that  Filaria  nocturna  will  not  develop  in  Stegomyia. 

However,  in  Culex  fatigans  Wied,  we  have  been  able  to  trace  the  com- 
plete development  of  the  filaria  up  to  the  time  that  it  becomes  lodged  in 
the  mosquito's  labium  and  is  ready  to  infect  the  next  person  bitten  by  the 
insect.  The  stages  of  this  development  are  well  shown  in  the  accompany- 
ing photomicrographs  and  in  numerous  camera-lucida  drawings,  and  may 
be  quite  as  well,  or  better,  studied  from  them  as  from  the  written  descrip- 
tion which  here  follows : 

One  of  the  earli(»st  observations  to  be  made  in  studying  infected  mos- 
quitoes is  one  relating  to  the  number  of  filaria?  ingested.  In  some  manner, 
concerning  which  it  is  possible  to  construct  interesting  hypotheses,  the 
nios(iuit()  manages  to  get  from  the  body  of  the  patient  40  to  50  or  more 

'In  view  of  tlie  recent  finding  by  Lieutenant  Clarence  L.  Cole,  Medical  Depart- 
ment, United  States  Army,  of  .\eca1or  americanus,  in  natives  of  tlieso  Islands,  it 
is  possible  tbat  our  cases  were  infected  witb  it,  as  the  ova  were  not  measured. 
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times  as  many  filarial  as  it  is  possible  for  us  to  obtain  in  a  similar  amount 
of  blood  from  a  needle  prick.  Thus,  in  good  thick  smears  under  22- 
millimeter  (J-ineh)  cover-glasses,  we  will  usually  find  but  one  or  two,  and 
oftentimes  no  filaria?.  In  the  blood  from  the  stomach  of  a  mosquito  which 
has  recently  bitteny  the  amount  of  blood  usually  appears  to  ])e  less  than  in 
these  thick  cover-slip  preparations,  but  it  is  nearly  always  possible  to  find 
from  40  to  80  filaria*,  and  it  has  occurn^l  to  us  that  this  fact  might  have 
a  practical  value  in  examining  cases  of, suspected  filariasis  in  which  the 
parasites  are  so  few  in  number  as  readily  to  be  missed.  It  might  be  of 
use  in  revealing  embryos  in  the  blood  of  cases  of  elephantiasis,  where  the 
filaria?,  though  believed  to  be  present,  are  seldom  found.  We  have  not 
had  an  opportunity  to  put  our  suggestion  into  practice  except  on  our 
last  four  cases  of  known  filariasis,  in  all  of  which  the  result  has  been 
as  stated. 

Once  in  the  stomach  of  the  mosquito,  the  filariae  continue  their  active 
motion,  which  is  more  uniformly  progressive  than  in  the  fresh  blood, 
for  several  hours  (the  exact  length  of  time  we  are  unable  to  state)  until 
they  discard  their  sheaths  and  pierce  the  stomach  wall,  entering  the  body 
cavity. 

Stages  of  growth  of  Filaria  philipinnensis  within  Culex  fatigans  Wied. — 
It  is  necessary  to  state  h(»re  that  the  various  stages  of  growth  are  not 
passed  through nn  uniform  intervals  of  time  but  that  the  periods  mentioned 
below,  as  w^ell  as  the  measurements  given,  are  thought  merely  to  represent 
averages.     Thus,  end)ryos  free  from  their  sheaths  may  be  found  in  the 
tissues  outside  of  the  stomach,  while  others  ingested  at  the  same  time  are 
still  struggling  in  the  stomach  to  free  themselves.     Likewise,  at  the  eighth 
day  we  have,  in  a  heavily  infected  mosquito,  seen  some  filariae  which  ap- 
peared to  have  undergone  fully  twice;  as  great  a  degrcH?  of  development  as 
others,  although  we  knew  that  they  had  all  been  ingested  at  one  feeding. 
This  preliminary  Ix'ing  understood,  we  may  say  that  in  twenty- four 
hours  after  ingest i(m  by  the  mosquito  the  filaria?  have  escaped  from  their 
sheaths  and  pierced  the  stomach  wall,  being  found  free  in  the  abdominal 
cavity.     Here  they  are  sluggish   in   motion,  unchanged  as  to  size,  but 
have  a   more  granular  appearance.     The   ^'   spots   may   often   still   be 
distinguished,  but  the  central  viscus  can  not.     It  is  not  uncommon  to  find 
some  of  these  worms  dead  and  we  think  that  the  mortality  among  them 
is  high  at  all  stages  of  their  develo})ment,  but  more  [)articularly  so  during 
the  earlv  ones.     It  is  unusual  to  find  more  than  four  or  six  filariae  which 
undergo  the  complete  cycle  of  development  within  the  mosquito  at  one 
time,  while  on  the  other  hand  only  one  may  remain,  and  most  frequently 
none  are  to  be  observed  in  the  mosquito  at  the  end  of  ten  days  or  two  weeks. 
Once  we  encountennl   fifty-one  filariae  in  a  mosquito's  thorax  on   the 
eighth  day,  but  we  have  in  no  otluT  instance  found  anything  like  these 
numbers  after  the  second. 
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By  the  third  day,  })os8ii)ly  oarlicT  at  timos,  the  filariaB  have  left  the 
abdominal  cavity  and  are  to  l)e  seen  among  the  thoracic  muscles  of  the 
mosquito,  wh(»re  tliey  show  very  sluggish  motion  and  are  observed  to  have 
undergone  a  very  marked  change  in  morphology. 

The  length  has  decreased  from  0.32  to  0.21  millimeter;  the  breadth  has 
increased  from  0.0065  to  0.01  millimeter;  all  parts  of  the  body  have 
participated  in  the  increase  in  width  except  the  tip  of  the  tail — ^that  is, 
the  part  of  the  tail  back  of  the  sudden  diminution  described  in  our  first 
paper.  This  part  has  not  enlarged  in  size,  and,  as  will  be  seen,  it 
disappears  at  a  later  jx^riod,  thus  fulfilling  the  prediction  concerning  it 
which  we  made  in  our  first  publication.  The  posterior  V  spot  is  still 
visible  and  is  manifestly  increased  in  size.  The  body  presenti?  a  granular 
appearance  and  the  central  viscus  has  disappeared.  (See  figs.  2,  3,  19, 
and  20.) 

At  the  end  of  six  davs  the  filarijii  are  still  as  short  as  at  three  davs, 
but  they  have  undergone  a  further  increase  in  breadth  which  at  this  stage 
varies  from  0.014  millimeter  near  the  anterior  end  to  0.027  millimeter 
near  the  posterior,  the  average  being  about  0.02  millimeter.  The  tip 
of  the  tail  is  still  present  and  still  unenlarged  and  now  presents  a  "pigtail- 
like" appearance  in  its  attachment  to  the  morp  bulky  body.  The  latter 
still  has  a  granular  aspect  but  some  cell  structure  can  be  made  out  and 
the  alimentary  canal  outlined.  The  posterior  V  spot,  as  such,  has  disap- 
peared, but  its  place  is  occupied  by  a  rudimentary  anus.  The  motion  of 
the  worm  is  still  sluggish,  being  about  the  same  as  it  is  at  the  third 
day.     (See  figs.  4,  5,  and  21.) 

On  the  eighth  day  we  find  the  filaria  increased  in  length  and  in  breadth ; 
the  "pigtail"  portion  of  the  tail  in  most  instances,  though  not  in  all, 
has  disappeared;  the  alimentary  canal  can  be  traced  the  whole  length 
of  the  worm.  The  length  averages  about  0.6  millimeter,  the  breadth 
0.035  millimeter;  motion  is  sluggish  but  the  *filaria  is  possibly  a  little 
more  active  than  it  was  at  the  sixth  day.     (See  fig.  22.) 

From  the  eighth  to  the  eleventh  day  the  worm  undergoes  a  more  rapid 
development  than  in  any  other  similar  period  and  at  the  (expiration  of 
this  time  is  found  to  have  attained  a  length  of  from  1.2  to  1.6  millimeter^ 
and  a  width  varying  from  0.04  down  to  0.02  millimeter,  the  width  being 
less  in  the  longer  worms.     (See  figs.  0,  7,  8,  and  23.) 

Some  worms  at  this  time*  show  as  complete  a  development  as  we  have 
ever  seen  and  a])j)arently  have  no  other  change  to  undergo  except  the 
lengthening  and  narrowing,  a  change  of  form  rather  than  of  size,  neces- 
sary to  enable  them  to  enter  the  labium.  The  head  is  truncated,  the 
mouth  a  terminal,  crater-like,  circular  opening,  forming  the  base  of  a 
conical  cavity:  no  lips  are  visible.  Nothing  recognizable  as  the  analogue 
of  the  anterior  V  spot  is  distinguishable.     The  intestinal  canal  is  well 
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developed,  the  opsopliagus  straiglit  and  broad,  the  intestine  narrower  and 
ranch  coiled,  particularly  at  a  point  corresponding  in  situation  to  that  of 
the  spiral  viscus  in  the  blood  enibrvo.  The  anus  is  a  slit,  directed  from 
within  outward  and  backward  (s(*e  fig.  17) ;  the  intestine,  apparently, 
does  not  terminate  at  the  anus  but  continues  to  the  end  of  the  body.  The 
tail  is  tipped  with  tliree  well-defined  papilla^;  this  number  is  probably 
constant,  although  only  two  are  usually  visible  in  profile. 

By  the  eleventh  or  twelfth  day  some  of  the  filariie  may  be  found  in 
the  mosquito's  head,  by  the  fourteenth  or  fifteenth  they  are  encountered 
in  the  labium,  having  completed  their  development  in  the  insect,  so 
far  as  we  have  been  able  to  observe.  At  this  stage  the  filarije  are  found 
within  the  labium,  the  fleshy  underlip  of  the  insect,  where  they  lie  side 
by  side,  with  their  heads  directed  toward  the  label  la.  We  have  observed 
as  many  as  four  within  the  labium,  and  it  is  probable  that  as  a  rule  they 
occur  in  this  situation  in  pairs.     (See  figs.  13,  14,  15,  and  16.) 

As  our  work  has  been  done  by  teasing  preparations  and  not  by  section- 
ing, we  are  unable  to  state  exactly  where  the  filaria*  lie  in  the  head  or 
how  they  get  into  the  labium.  However,  the  fact  that  they  do  reach 
that  situation  is  beautifully  illustrated  in  the  photomicrographs,  which 
show  a  fragment  of  the  labium  with  the  tails  of  the  fllarias  protruding 
from  the  proximal  end.  This  preparation  was  made  on  the  sixteenth 
day  after  the  mosquito  had  bitten  the  filariasis  patient. 

The  worm,  at  this  stage,  1ms  diniinisluHl  markedly  in  breadth,  tlie  average  meas- 
urement  for  this  dimension  being  not  more  than  0.02  millimeter,  while  individuals 
have  been  measured  in  which  it  was  only  0.015  millimeter.  The  former  figure, 
liowever,  applies  in  mast  instances.  The  length  varies  greatly  and  we  have 
measured  specimens  which  range  from  1.236  to  2.20  millimeters.  We  can  say 
from  our  observations  that  the  worm  when  found  in  the  mosquito's  labium  may 
average  1.8  millimeters  in  length,  but  that  others  in  the  same  situation  and  in  the 
same  mosquito,  actively  motile  and  apparently  ready  to  pass  to  another  host,  may 
be  as  short  as  1.24  or  1.27  millimeters.  Two  worms  taken  from  the  mosquito's 
head  upon  the  eleventh  day  gave  1.49(i  and  l.O.'U)  millimeters,  respectively,  and  this 
variation  in  length  is  noticed  in  individual  worms  after  the  very  earliest  stages  in 
the  mosquito.  We  have  thought  that  the  long  and  short  groups  may  represent  the 
sexes,  but  have  no  other  evidence  to  otTer  in  support  of  such  a  supposition.  (See 
figs.  10,  11,  24,  and  25.) 

At  this  stage  of  development  the  alimentary  tract  is  well  defined  and 
extends  from  the  mouth  to  the  anus,  which  is  well  marked;  it  possesses 
some  strength,  as  is  shown  in  fig.  J),  which  r(4)rcsents  a  worm  broken 
by  the  attempts  made  to  dissect  it  from  the  labium.  Here  the  fragments 
are  held  togeth(»r  by  the  intact  celhilar  tube  forming  the  intestinal  canal. 
The  anus  is  well  devclopiMl  and  is  easily  s<'en,  presenting  the  same 
appearance  as  it  does  at  the  elev(»nth  day  of  development. 

Another  point  easily  determined  at  this  time  is  that  the  post-anal 
papillffi  are  threi^  in   number.     Annett,   Dutton,  and   Elliot  state  that 
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Filarm  nocturna  has  four  of  these  papilla?  and  we  have  carefully  looked 
for  four  on  this  filaria.  There  is  no  diflfieulty  in  making  out  three 
m-Filaria  philippinensis,  but  in  no  instance  have  we  seen  four.  When 
the  end  of  the  tail  is  facing  the  obscTvcr  it  will  be  8CH?n  that  the  three 
papillae  are  arranged  in  a  triangular  manner  and  are  apparently  curve<l 
inward.     (See  figs.  12  and  26.) 

In  most  spicimens  an  appearance  suggestive  of  two  narrow  tubes,  run- 
ning in  general  parallel  with  the  alimentary  canal,  one  on  either  side, 
may  be  seen.  These  tubes  we  think  probably  represent  the  future  gener- 
ative organs,  but  we  are  unwilling  to  make  positive  statement  either  as 
to  their  constant  presence  or  their  significance.  They,  or  certain  masses 
of  cells  extend  posteriorly  to  the  anus,  apparently  clear  back  to  the 
terminal  knobs  or  papillae,  and  in  at  least  one  specimen  their  terminations 
appeared  to  constitute  the  papillae 

Some  of  the  filariae  from  the  head  and  labium  are  very  actively  motile; 
others  show  no  motion,  but  as  the«e  presented  no  evidence  of  degeneration 
we  think  that  thev  were  probablv  killed  bv  the  chloroform  used  in 
destroying  the  mosquitoes. 

The  following  table  gives  the  principal  differential  features  l)etween 
the  embryos  of  Filaria  philippinensis  and  of  other  knoA^ii  filariae,  as  they 
occur  in  the  blood  of  man : 


Name. 

length. 

Breadth. 

Sheath. 

Head. 

Tall. 

Anterior 
V  spot. 

1 

F.  pfnLiititineMi* 

mm. 
0.32 

mm. 
0.0065 

Present, 

Serrated  retrac- 

Pointed, abrup- 

Present. 

8p.  nov. 

tight. 

tile  band  and 
spicule. 

tly  attcnua^ 
ed. 

F.  nocturna  Man- 

o.ao 

0.0075 

Present, 

Sixliiw  

Pointed 

Do. 

Ron. 

loose. 

F.  diuma  Man- 
son. 

0.30 

0.007.'> 

do.— 

do 

do 

Do. 

F.  perstoM  Man- 
son. 

0.20 

0.0045 

AbRent  -- 

Retractile  fanir 

Blunt 

I)o. 

F.     danarquayi 

0.20 

0.005 

do.-.. 

Spine  

Pointi^d 

Do. 

Manson. 

F.  ozzardi  Man- 

0.21 

0.0051 

do .... 

(?) 

do 

Absent. 

Hon. 

F.  magaihaeii  R. 

0.33 

0.005 

do-.. 

Tnarmed  

do 

Do. 

Blanchard. 

F.  x'oltmiun  Leuc- 
kart. 

0.30 

0.005 

do 

Rounded 

do 

Present. 

F.  tan  ague  hi  i 
Tan. 

0.295 

0.007 

do.... 

Blunt _. 

do 

Absent. 

F.  ?  ( Tunntfurhii) 

0.164 

0.008 

l*re.«ient 

do 

Conical 

Do. 

F.  friffas  Prout 

Much  1<^  1 
thiekei 
any 

nger  and 

than 

of      the 

Absent  .-. 

n 

Blunt 

(?) 

i 

above. 

OBSERVATIONS   UPON   FII^\RIA   PHILIPPINEXSIS. 


11 


Name. 


Central  vIscrs. 


Posterior 
V  spot. 


Movement.       Periodicity. 


Adnlt. 


I 


...do Aljfient 


F.  phaippiHtnti*     A  spiral   tube     Present: 

sp.  nov.              '      or  cylinder.         also  a  pa- 
pilla. I 
F.  norf arna  Man-  .  Granular  mass.    Present 

son. 
F.  diuntn  Man-     Absent do.- 

son. 
F.  perttanf  Man- 

son. 
F.      dfmnrtfua^i 

Manson. 
F.  nezarrii  Man-     Ab«!ent .Xhsent 

son. 
F.  magalh€U9i  K.    do do 

Blanchard. 
F.  rolvolu9  Leuc-  do I do... 

kart 
F.  tnnaffurhii     Granular   do... 

Tan.  streak   from 

:      mouth      to 
'      tail. 

I 

F.7(Tanaffuehii)  '  Absent _..do_.. 

F.gigoM  Proui 1  (?)  (.') 

I 


Lashing     and     None 
progressive. 


Not  found. 


Lashing _.    Nocturnal.      F.  btinerttffi. 


do 


Diurnal I  Not  found. 


Lashing     and     None    F.  itrrHnn*. 

progressive.  | 

Progressive do F.  fit^mnrtpioyi. 


do 


do 


(?) 


n 


n 


(?) 


Progressive None 


leashing 

(•■) 


(?) 
(?) 


F.  ozznrfii. 


F.  matjitfhnrfi. 


F.  ntlrttiiif. 


F.  toniffurhii. 


Not  found. 
Do. 


CONCLUSION. 

Briefly  summarized,  the  history  of  the  development  of  Filaria  philip- 
pinensis  within  the  inos<|iiito,  CuJcj-  fafigans  Wied.,  is  as  follows:  In  from 
fourteen  to  fifteen  days  the  development  is  complete  and  the  filaria  has 
passed  into  the  labium  of  the  mosquito ;  the  sheath  of  the  embryo  is  lost 
in  the  stomach,  and  the  worm  then  penetrates  the  stomach  wall  and 
reaches  the  muscles  of  the  thorax  where  most  of  the  developmental  changes 
occur;  during  this  period  of  time  the  filaria  has  increascul  in  length  from 
0.32  millimeter  to  as  much  as  2.20  millimeters,  and  in  breadth  from 
0.0065  to  0.02  millimeter;  it  has  developeil  a  well-marked  intestinal 
canal,  divided  into  oesophagus  and  intestine,  a  well-defined  anus  and 
three  papilla*  which  are  situated  at  the  end  of  the  tail :  the  mouth 
appears  to  l)e  simply  a  circular  cavity  having  no  distinct  lips.  Develop- 
ment so  far  as  the  morphology  of  the  worm  indicates,  a{)pears  to  be 
complete  at  about  the  eleventh  day,  the  only  changes  occurring  after 
that  being  a  kmgthening  and  narrowing  of  the*  filaria,  which  enables  it 
to  enter  the  labium  of  the  mosquito. 

In  concluding,  we  desire  to  express  our  ap|)reciati()n  of  the  assistance 
given  us  by  Mr.  Charles  S.  Hanks,  entomologist  of  the  l^iological  fiabora- 
tory,  Bureau  of  Science,  and  Mr.  Charles  Martin,  j>hotograph(»r  of  the 
Bureau  of  Science. 


ILLUSTRATIONS. 


Plate  I. 


Fig.  1.  Filaria  philippinensia  in  freshly  drawn  blood. 

2.  Filaria  philippinensia  three  days  in  C.  fatigans.     X   116. 

3.  Filaria  philippinensia  three  days  in  C.  fatigans.     X  229. 

Plate  II. 

Fig.  4.  Filaria  philippinensia  six  days  in  C.  fatiga/ns.     X  92. 
.  6.  Filaria  philippinenais  six  days  in  C.  fatigans.     X-  206. 

6.  Filaria  philippinensis  eleven  days  in  C.  fatigans.     X  76. 

7.  Tail  of  Filaria  philippinensis  eleven  days  in  C.  fatigans.     X  183. 

Plate  III. 

Fig.  8.  Head  of  Filaria  philippinensis  eleven  days  in  C.  fatigans.     X  275. 

9.  Broken  Filaria  philippinensis  fifteen  and  one-half  days   in   C.  fatigans. 

X    115.     Showing  strength  of  alimentary  canal. 
10.  Filaria  philippinetisis  fifteen  and  one-half  days  in  C.  fatigans.     X    115. 
Showing  elongation  and  narrowing  in  labinm. 

Plate  IV. 

Fig.  11.  Filaria  philippin^isis  fifteen  and  one-half  days  in  C.  fatigans.  X  220. 
Showing  alimentary  canal.  A  portion  of  the  alimentary  canal  has  been 
extruded  by  pressure. 

12.  Tail   of  Filaria  philippinensis   fifteen   and   one-half  days   in   C.  fatigans. 

X   275.     Showing  three  papilla*. 

13.  Filaria  philippinensis  fifteen   and   one-half  days   in   C.  fatigans.     X    92. 

In  labium. 

14.  Filaria  philipjnnensis  fifteen  and  one-half  days  in   C.  fatigans.     X    220. 

In  labium. 

15.  Filaria  philippinensis   fifteen   and   one-half  days   in   C.   fatigans.     X    80. 

In  labium. 

Plate  V. 

Fig.  10.  F'iiaria  philippinensis  fifteen  and  one-lialf  days  in   ('.  fatigans.     X    240. 
\n  labium. 
17.  Filaria  philippinaisis  eleven  days  in  V.  fatigans,  showing  anus. 

Plate  VI. 

Fig.  18.  Filaria  philippinmsis  in  freslily  drawn  blofxl.     Killed  and  drawn  by  the 
aid  of  camera! ueida  at  onee.      X   330. 
19.  Filaria  philippinensis  in  stomach  of  C.  fatigans  six  to  twelve  hours  after 
ingestion.     Sheath  discarded.     X   330. 
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20.  Filaria  philippinensis  in  thorax  of  C,  fatigans  three  days  after  ingestion. 

Note  size  of  worm  and  size  of  post  V  spot.     X  330. 

21.  Filaria.  philippinensis  in  thorax  of  C.  fatigana  six  days  after  ingestion. 

Note  part  of  contents  extruded  tlirough  V  spot.     X  330. 

22.  Filaria  philippincnsia  in  thorax  eight  days  after  ingestion.     X   03  and 

X  330. 

Plate  VI  I. 

Flo.  23.  Filaria  philippinensis  in  thorax  eleven  days  after  ingestion.     X   03  and 
X  330. 

24.  Filaria  philippinensis  in  labium  fifteen  and  one-half  days  after  ingestion. 

X  63  and  330. 

25.  Filaria  philippinensis  in  labium  fifteen  and  one-half  days  after  ingestion. 

X  63  and  330. 

26.  Filaria  philippinensis  in  labium  fifteen  and  one-half  days  after  ingestion. 

X  63  and  330. 

Note.     In  Figs.  22  to  26,  the  entire  filaria  is  represented  at  A,  the  tail  at  B  and 
the  head  at  C. 
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{(1)    Habitat. 

(r)    Distribution  in  the  body. 

if)    Primary  points  of  infection  and  manner  of  spread  in 
the  bodv. 

15 
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VII.  Pathology. 

A.  Material. 

B.  Metliods. 

C.  Gross  lesions. 

Tlie  typical  characteristic  lesion. 
Classification. 

(a)  Nonsuppurative  lesions. 

On  serous  surfaces. 

In  loose  connective  tissue. 

In  hyperplastic  connective  tissue. 

In  pneumonia. 

(b)  Tubercular- like  lesions. 

(c)  Suppurative  lesions. 

Xoncystic. 
Cystic. 
((f)   Ulcerative  lesions. 
Skin. 

.Mucous  membranes. 
Course  and  termination  of  lesions. 

D.  Special  pathologj*. 

E.  Histology*. 

VIII.  Symptomatology. 

A.  General  description. 

Acute  and  chronic  processes. 

B.  Clinical  types. 

(a)   Generalized  paragonimiasis. 

(&)   Thoracic  (pulmonary)   paragonimiasis. 

(c)  Abdominal  paragonimiasis. 

(d)  Cerebral  paragonimiasis. 

C.  Paragonimiasis  of  the  lower  animals. 

IX.  Diagnosis. 

X.    COUKSE,    DUIIATION,    AND    PROGNOSIS. 

XI.  Complications. 

XII.    PitOPlIYLAXIS. 

XIII.  Treatment. 

XIV.    LiTEHATl'HE   KeFEKENCES. 

I.    INTRODUCTION. 

4>eniatode  infections^  next  to  the  protozoan  diseases,  arc  the  most 
important  parasitic  conditicms  which  must  be  met  by  medical  men  in 
the  Philippine  Islands. 

The  order  Malacocotylea  is  a  very  large  one,  containing  many  species, 
but  of  these  only  a  comparatiyely  small  number  are  known  to  infect 
man;  those  which  are  parasitic  for  human  beings,  compiled  from  Stiles's 
l)ublication,  are  sliown  in  Table  No.  1,  page  'U.  Tliey  represent  4 
families,  10  genera  or  collective  groups,  and  15  species.  Of  this  number 
only  about  8   species  arc  sufTicicntly  common  in   man   to  be  of  great 
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importaiiw.  All  flukes  are  considered  to  be  disease  producers,  regard- 
less of  the  stage  of  the  life  cycle  of  the  parasite  or  of  the  nature  of  the 
host  in  which  they  are  found.  The  adult  parasites  with  a  very  few 
exceptions,  whether  in  man  or  other  animals,  are  found  only  in  diseased 
tissues,  and  the  miracidia  and  ccrcaria  may  produce  disease  of  snails 
and  other  hosts  in  which  tlicv  may  be  livinjr. 

So  far  as  I  liave  been  able  to  determine,  only  two  cases  of  tn^matode 
infection  have  previously  been  reported  from  tlie  Phili{)pine  Islands. 
One  of  these  was  a  case  of  infection  witli  Opisfhorchis  sinensis  Cobbold, 
reported  by  Dr.  Mallory  at  the  last  annual  meeting  of  the  Philippine 
Islands  Medical  Association,  in  which  the  diagnosis  of  the  egg  was 
made  by  Dr.  Strong;  the  other  was  one  of  schistosomiasis  by  Dr.  Woolley. 

The  following  paper  is  the  first  of  a  series  to  be  published  during  the 
year  on  material  which  is  already  available,  as  follows: 

One  case  of  infi»c*tion  with  Opii>thorch{s  noverca  (?)  Braun,  in  a 
Chinaman;  2  cases  with  autopsies,  in  which  the  infecting  flukes,  though 
not  thoroughly  identifled,  are  probably  Fa^riola  gigantica  Cobbold  and 
F,  hepatica  Linn.,  respwtively;  8  cases  infected  with  Schistosoma  ja- 
ponicum  Katsurada,  with  2  autopsies;  18  with  Opisthorchis  sinensis 
Cobbold,  with  1  autopsy,  and  17  with  Faragonimus  westermanii  Kerb., 
with  8  autopsies;  the  total  being  46  cases  in  human  beings.  I  have  also 
studied  quite  a  large  series  of  infections  in  the  lower  animals. 

These  reports  appear  in  monographic  form  because  the  observations 
have  included  too  many  points,  not  only  about  the  parasites  but  also 
particularly  about  the  diseases  caused  by  them,  to  allow  of  a  satisfactory 
presentation  of  the  findings  in  any  other  manner. 

I  wish  to  express  my  thanks  to  Dr.  Edwin  C.  Shattuck,  resident 
physician  to  Bilibid  Prison,  for  many  courtesies  and  much  assistance 
in  the  observations  on  the  clinical  material,  much  of  which  is  from  his 
service. 

IT.    DKFINITION. 

Paragonimiasis  is  a  chronic  or  subacute,  general  or  Iwal  infection, 
with  a  species  of  the  genus  Faragonimus,  only  one  species  of  which 
genus,  P.  westermanii,  is  known  to  infect  man.  The  disease  is  charac- 
terized anatomically  by  the  ])roduction  of  peculiar,  bluish,  slate-colored, 
necrotic,  cystic  lesions  with  rather  dense,  fibrous  walls  which  contain 
a  material  resembling  anchovy  sauce  and  usually,  but  not  always,  the  eggs 
or  adult'  Faragonimus.  Other  types  of  lesions  are  often  present  and 
many  different  organs  may  be  involved.  The  most  fre(iuent  are  bron- 
chopneumonia and  broncthiectasis;  cystic  abscess  of  the  brain,  spleen, 
omentum,  pancreas,  muscles,  lymphatic  glands,  and  skin ;  and  infiltra- 
tion, ulceration,  and  abscess  formation  in  the  intestine. 

The  symptomatology  in  general  is  that  of  a  chronic  inflammatory 
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process,  and  special  clinical  manifestations  arc  clue  to  tlie  involvement  of 
special  organs  which  give  rise  to  such  symptoms  as  cough,  hjemoptysis, 
pleuritic  pains,  diarrluea  and  abdominal  sorenc^ss.  The  life  history  of 
the  parasite  and  the  exact  mode  of  infection  by  it  are  not  known. 

III.    N0MP:NCLATrUK. 
A.   SYNONYMS. 

The  following  may  be  mentioned  among  the  many  nanies  by  which  this 
disease  has  l)een  known :  Parasitical  haMuoptysis,  parasitic  haemoptysis 
gregarinosis  pulmonis,  })ulmonary  distomatosis,  pulmonary  distomiasis. 
endemic  haemoptysis,  and  j)aragonimiasis.  Parasitical  luemoptysis  is  the 
most  extensivelv  used  of  these  terms  and  at  the  time  of  its  introduction  it 
answered  very  well,  since  formerly  the-distribution  of  the  parasites  through- 
out the  body  was  regarded  as  limit(»d  and  it  was  not  known  that  such 
extensive  infection  existe<l  as  has  recentlv  been  described. 

All  of  these  names,  except  i)aragonimiasis,  are  objectionable  because 
none  of  them  are  accurate,  specific  or  definite,  and  their  nund)er  leads  to 
a  confusion  which  can  only  be  overcome  i)y  the  adoption  of  a  term  which 
fulfills  all  the  requirements  of  nomenclature.  Paragonimiasis  is  such  a 
name.  It  is  in  line  with  modern  nomenclature  in  parasitic  infections 
and  is  applicable  to  all  types  of  the  diseast^s,  whether  they  are  found  in 
man  or  in  animals. 

This  term  was  introduced  by  Stiles  and  Hassall  and  has  been  adopted 
by  Mense  in  his  new  Handbook  of  Tropical  Meilicine.  It  is  the  only 
name  for  the  infection  which  will  be  used  in  this  report  and,  owin^  to 
the  extensive  distribution  of  the  parasite  in  man  and  the  consequent 
logical  variation  in  symptomatology,  I  shall  recognize  the  following 
types  of  the  disease  in  their  appropriate  places:  General  paragonimiasis, 
thoracic  or  pulmonary  paragonimiasis,  cerei)ral  paragonimiasis,  and  ab- 
dominal paragcmimiasis. 

IV.    URIKF    HISTORY. 
A.   GENERAL. 

Paraxjunimus  wcsfermafiii  was  discovered  by  Kerbert  in  1878  in  the 
lungs  of  a  royal  Bengal  tiger  and  was  by  him  named  Distonm  wester- 
luanii.  In  1871)  IJinger  found  tlic  parasites  in  a  native  of  Formosa. 
Cobbold  (1880)  named  the  parasite  DlMorna  ringeri. 

Baclz  (1880)^  who  was  working  in  Japan,  introduced  the  name  para- 
ffifir  luemoptj/sis  {parasifdrr  liiimopto'e)  for  the  disease  and  discussed  the 
parasite  under  the  designations  (Ircf/arinn  pulwoimni  and  Gregarina 
fusca:  he  further  used  (/retjarinosis  pfihnoniim  as  a  syncmym  for  the 
disease.  Baelz  gave  further  valuable  contributions  on  the  subject  in  1883 
and  1901.  In  188^5  he  adopted  the  name  Distoma  puhnonale  for  the 
parasite 
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Suga  (1881)  found  the  infection  in  man  in  Japan,  and  in  1883 
described  the  parasite  as  Dis'tommn  jndmon'ui, 

Manson  made  vahiable  original  contributions  to  the  subject  in  1881, 
1883,  1889,  and  1893.  He  proposed  parasitical  ]ia'tnopty.siff  and  endemic 
hteinopfysi.s  as  names  for  the  disease  and  designated  the  parasite  as  Dis- 
toma  ringeri  and  Didoma  pulmonale.  Furtlier  information  of  value 
has  been  furnished  by  Taylor  (1884),  Leuckart  ( 1<S89).  Yamagiwa  (1890 
and  1892),  Stiles  (1894,  1901.  and  1904),  Stiles  and  Hassall  (1900), 
Ward  (1893  and  1895),  Kat^urada  (1898  and  1900),  Miura  (1889), 
and  by  a  number  of  Ja])anese  writers  whose  articles  are  not  available. 
Prominent  among  these  are  Otani,  Taniguclii,  ^fajima,  Miyake,  and 
Matsui. 

Tlie  landmarks  in  the  history  of  this  parasite  and  the  diseases  caused 
by  it  are  as  follows : 

The  discovery  of  the  parasite  by  Kerbert  (1878)  ;  the  discov(»ry  of  the 
parasite  in  human  beings  by  Kinger  (1879)  ;  the  estaidishment  of  the 
relation  of  the  parasite  to  the  disease  in  man  by  Suga,  Ba(4z,  and  Manson ; 
the  discovery  of  the  more  extensive  distribution  of  the  parasite  and  its 
location  in  the  brain,  producing  Jacksonian  epilepsy,  by  Otani  and 
Yamagiwa;  its  discovery  in  the  eye  and  lids  by  Taniguchi,  Miyake, 
and  Matsui;  the  establishment  of  the  zoological  position  of  the  parasite 
by  Stiles  and  Looss;  the  discovery  of  the  infection  in  various  animals, 
i.  e.,  in  the  tiger  by  Kerbert,  1878;  the  cat  by  Ward,  1894;  the  dog  by 
Railliet,  1890,  and  the  hog  by  Stiles,  1899;  the  discovery  of  the  parasite 
in  the  United  States  by  Ward,  and  the  elucidation  of  the  pathology  and 
symptomatology  of  the  disease  by  Manson,  Baelz,  ^Fiura,  and  Katsurada. 

B.    IN    THE    PHILIPPINE    ISLANDS. 

Because  of  the  geographic  position  of  the  Archipelago  and  the  close 
commercial  and  social  intercourse  between  these  Islands  and  Japan  and 
China,  it  has  repeatedly  bcH'u  predicted  that  fluke  infections  would  be 
found  here.  Notwithstanding  this  expectation  and  the  large  amount 
of  clinical  and  anatomical  work  which  has  been  done  in  the  Philippines, 
this  is  the  first  report  of  infections  with  P.  wrsicrmanii  Kerb,  in  the  Ar- 
chi}>elago,  either  occurring  in  natives  or  foreigners.  As  was  mentioned 
in  the  introduction,  there  have  been  but  two  previous  n^ports,  of  infecticm 
by  trematodes  of  any  species  in  the  Philip])ine  Islands,  these  being  of 
single  cases,  one  of  opisthorchiasis  and  the  other  of  scJnstosomiasis. 

I  encountered  my  lirst  cas(»  of  paragonimiasis  early  in  190()  and  since 
that  time  have  seen  1()  others.  The  discovery  of  this  nund)er  of  cases 
in  less  than  one  vear  bv  on(»  observer  does  not,  in  mv  opinion,  indicate* 
anv  exacerbation  of  the  infection  nor  anv  change  in  tlu*  class  of  avail- 
able  material,  but  is  due  to  a  closer  observation  and  studv  of  that  which 
is  at  hand.     Since  becoming  interested   in  this  class  of  diseases  and 
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familiar  with  the  appearauee  of  the  various  lesions,  I  am  confident  that 
similar  material  has  passe^l  through  my  hands  unrecognized  many  times 
during  the  last  seven  years,  and  identical  experiences  have  probably  oc- 
cured  with  others.  It  may  safely  l>e  statcnl,  to  judge  from  the  wide  local 
distribution  of  my  cases,  that  trematode  infections  are  fairly  common 
among  the  natives  of  these  Islands  and  that  the  infection  has  been 
endemic  here  for  many  years. 

v.   MATERL\L. 

The  material  upon  which  this  report  is  based  consists  of  17  cases  with 
8  autopsies.  Abstracts  from  the  protocols  follow  and  the  summaries 
of  the  findings  and  the  analyses  of  the  lesions  and  symptoms  will  be 
taken  up  under  the  appropriate  headings  furnished  in  the  outline. 

Case  \o.  1  (S0918). — Paragonimiasis  and  ama'hiasis  of  the  lungs,  pleura:, 
diaphragm,  omentum,  peritoneum,  spleen^  liver,  intestine,  lymphatics,  prostate, 
bladder  and  abdominal  tcall;  death;  autopsy. 

The  patient,  a  Filipino  prisoner,  was  under  observation  in  hospital  for  one 
week,  suffering  with  high  fever,  30°  to  40°,  severe  cough,  pains  in  the  chest, 
and  some  dyspncea.  There  was  severe  head-aehe,  mild  delirium  at  times  and 
insomnia.  The  bowels  were  constipated,  the  abdominal  wall  rigid,  and  tenderness 
was  complained  of  over  the  entire  abdomen.  A  blood  examination  showed  nothing 
abnormal  except  a  moderate  polymorphonuclear  leucocytosis.  The  sputum  w^as 
negative  for  tubercle  bacilli,  but  on  the  morning  before  death  a  few  trematode 
eggs  were  found.  The  stool  contained  many  amflebae,  blood  cells,  and  mucus  and 
a  few  eggs  similar  to  those  in  the  sputum. 

Autopsy  two  hours  after  death:  Emaciation  and  amrmia  markwl,  severe  con- 
junctivitis of  left  eye;  old,  bluish-colored  ulcer  in  the  right  axilla,  which  on 
section  connects  with  broken-down  lymphatic  glands.  The  eggs  of  1*.  icestermanii 
are  found  in  this  ulcer.  The  superficial  lymphatics  are  all  moderately  enlarged 
and  those  in  the  groins  markedly  so,  and  this  enlarged  chain  extends  down  into 
Scarpa*8  triangle.  The  scrotum  is  enlarged  and  on  section  the  epididymis  contains 
Paragonimus  cysts  which  apparently  are  continuous  through  the  inguinal  canal 
to  the  abdominal  cavity. 

The  subcutaneous  tissue  is  scanty  and  dry,  the  muscles  soft,  pale  and  coarse. 
A  small  Paragonimus  cyst  is  observed  in  the  left  pectoralis  major  and  another  in 
the  abdominal  wall  just  above  the  symphisis.  Upon  opening  the  chest  a  number 
of  the  small  bluish  Paragonimus  cysts  are  found  on  the  under  surface  of  the 
sternum  and  on  tlie  exposed  pleune  and  pericardial  membranes.  Both  pleural 
cavities  contain  a  considerable  quantity  of  fluid,  filled  with  string^'  masses  and 
flocculi  which  settle  to  the  bottom  upon  standing.  The  pleura,  particularly  the 
visceral  layers,  are  much  thickened.  The  pleural  surfaces  are  covered  with  many 
of  the  cysts  and  even  external  to  the  parietal  pleurae  these  lesions  are  found.  There 
are  several  small  areas  of  chronic  obliterative  pleuritis  and  Paragonimus  lesions 
are  numerous  in  the  fibrous  tissue  forming  the  adhesions.  Both  lungs  show  a 
moderate  bronchitis,  [)articularly  of  the  larger  tui>es,  but  no  eggs  or  parasite8  are 
found  in  the  bronchi  and  no  definite  bronchiectatie  cavities  cjin  \w  located.  There 
are  numerous  areas  of  i)r(inehojmeunionia  throughout  both  lungs,  the  largest  near 
the  pleural  surfaces;  many  of  these  pneumonic  areas  arc  not  to  be  distinguished 
from  such  lesions  in  other  diseases  of  bacterial  origin,  while  others,  on  section, 
have  a  necrotic  center  containing  material  like  anchovy  sauce  and  often,  but  not 
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always,  adult  parasites  or  eggs  of  /'.  ircstrrmanii.  In  addition  to  these  pneumonic 
areas,  both  lungs  contain  many  of  the  typical  bluish  Paragonimus  cysts  from  0.005 
to  0.01  in  diameter. 

The  pericardial  cavity  cantains  a  small  amount  of  a  slightly  cloudy  fluid.  Tlie 
serous  surface  is  dull  in  appearance  and  slightly  adherent  over  the  right  heart; 
showing  through  the  visceral  pericardium  are  a  number  of  irregular,  slightly 
brownish,  granular  apjyearing  areas  similar  to  those  described  in  case  No.  2  (see 
PI.  1).  Eggs  are  found  in  these  areas  but  none  in  the  pericardial  fluid.  Tlie 
heart  is  of  normal  size  and  free  from  valvulitis  or  other  marked  organic  change. 
The  muscle  is  a  little  brown  and  coarse,  but  except  just  under  the  pericardium  no 
gross  lesions  are  seen. 

The  abdominal  cavity  presents  a  most  striking  picture,  all  visible  tissues  being 
matted  together  and  studded  with  the  bluish-colored  Paragonimus  cystic  ab- 
scesses. In  places  where  adhesions  have  been  separated,  for  instance,  between  the 
bowel  surfaces  or  omentum  and  the  abdominal  wall,  an  area  of  bluish  color  of 
equal  size  to  the  adhesions  is  left,  and  often  small,  necrotic  areas  with  eggs  and 
parasites  are  exposed.  Everywhere  there  is  a  moderate,  subacute  peritonitis, 
light,  dry,  dirty-colored  adhesions  binding  all  the  organs.  Both  the  abdominal 
and  pleural  surfaces  of  the  diaphragm  contain  many  abscesses.  Similar  lesions 
are  also  found  in  the  deeper  structures  of  this  organ. 

The  spleen  shows  some  perisplenitis  and  at  the  points  where  this  occurs 
superficial  areas  of  infection  with  the  parasites  or  eggs  are  visible.  On  section,  a 
moderate  increase  in  the  soft  pulp  is  seen  but  no  other  change  can  be  observed. 

The  liver  is  of  normal  size  but  adherent  to  the  abdominal  wall,  diaphragm, 
intestine  and  other  structures;  the  perihepatitis  being  due  to  the  action  of 
Paragonimus.  On  section,  the  organ  is  soft  and  pale  and  (x>ntains  many  small 
abscesses  from  2  millimeters  to  10  millimeters  in  diameter.  These  abscesses 
closely  resemble  the  multiple  ama?bic  ones  which  are  so  often  seen,  but  in  others 
the  color  and  contents  more  closely  resemble  the  Paragonimus  cj'sts.  Microscop- 
ically, both  amoebcp  and  paragonimus  eggs  are  found  in  some  of  these  abscesses. 
The  gall  bladder  and  ducts  are  large  and  distended  with  normal-appearing  bile; 
no  parasites  or  eggs  found. 

The  kidneys  are  surrounded  by  many  adhesions  containing  very  many  ab- 
scesses of  the  Paragonimus  type.  8ome  of  the  lesions  are  subcapsular  and  others 
are  in  the  pelves  of  the  kidneys  and  in  the  ureters.  Both  organs  are  somewhat 
increased  in  size,  soft  and  (edematous. 

Tlie  bladder  wall  contains  numerous  cysts  and  the  prostate  gland  is  also 
involved. 

The  pancreas  shows  a  few  evsts  near  its  head,  these  being  a  direct  infection 
from  the  adherent  structures. 

The  appendix  is  Ixmnd  down  in  a  mass  of  adiiosions  and  abscesses  and  its  wall 
is  involveil  in  the  parasitic  processes.  The  alMlominal  lymphatics  are  mostly 
enlarged  and   soft,   many  containing  characteristic  ai>scesses   with    parasites   and 

The  omentum  is  plastered  to  all  the  abdominal  structures;  it  is  thickened, 
(pdematous,  and  studded  with  the  typical  bluish  abscesses. 

The  stomach  is  not  involved  excej)ting  at  points  of  adhesion  on  its  outer 
surface.  The  walls  are  frc*'  from  abscesses,  and  nothing  abnormal  is  noted  on 
the  mucous  surface. 

The  small  intestine,  from  near  its  upper  end  to  the  ciecum,  is  severely  infected. 
The  Paragonimus  lesions  involve  all  of  its  coats,  and  are  most  severe  in  the 
ileum  and  lower  jejunum.  The  mucous  surface  shows  typical  cysts  of  various 
tnten,  some  standing  out  well  into  the  lumen  of  the  l)owel ;  ulcers  resulting  from 
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broken  down  lesions  are  also  present.     The   Peyer's  patches  are  slighty  swollen 
but  appear  to  be  free  from  the  parasitic  infection. 

The  large  hourel  in  general  presents  a  very  similar  picture  to  the  small  in- 
testine, but  in  addition  there  is  quite  extensive  amoebic  ulceration  extending  from 
the  caecum  to  the  rectum. 

The  cerebrospinal  canal  was  not  opened. 

Case  No.  2  {31508). — Paragonimiasis,  acute  general  infection^  with  death 
after  eight  days  in  the  hospital;  OAitopsy. 

Nothing  is  known  of  the  previous  history  of  this  patient  beyond  his  statement 
that  he  had  never  Ijeen  ill  before.  He  was  sick  in  hospital  for  about  eight  days 
before  death  with  high  fever,  cough,  and  rapid,  shallow  respiration,  abdominal 
pains  and  severe  diarrhoea;  he  constantly  complained  of  headache.  The  abdomen 
was  moderately  distended  and  exquisitely  tender  in  the  region  of  the  gall  bladder 
and  over  the  descending  colon.  There  was  considerable  diflficulty  in  urination. 
Expectoration  was  abundant,  and  sometimes  tinged  with  blood,  but  upon  micro- 
scopic examination  no  tubercle  bacilli  or  eggs  were  found  in  the  sputum. 

Autopsy  four  hours  after  death :  The  general  nutrition  is  very  good  and  slight 
jaundice  of  the  conjunctivae  is  visible.  A  macular  skin  eruption  is  noted  over  the 
lower  extremities,  abdomen,  and  flexor  surfaces  of  arms.  The  muscles  are  soft  and 
exceedingly  pale.  The  pectoralis  major  muscles  are  very  coarse,  pale,  and  contain 
a  number  of  small,  dark  spots  about  1  to  3  millimeters  in  diameter.  From 
one  of  these  spots  an  adult  P.  ivcstermanii  was  extracted.  The  lymphatics  in  the 
axilla  are  moderately  enlarged  and  some  .of  them  congested. 

The  left  pleural  cavity  contains  about  750  cubic  centimeters  of  a  yellow, 
flocculent  fluid  with  long,  tenacious  shreds  of  tissue.  Both  the  visceral  and  parietal 
pleurae  are  studded  with  raise<l,  soft,  dark-bluish  colored,  cystic  abscess-like  bodies 
which,  on  section,  contain  a  reddish-brown  granular  matter.  Scattered  through 
the  left  lung  are  a  number  of  areaj*  of  bronchopneunumia ;  on  section  most  of  these 
show  one  of  the  above-described  cysts,  surrounded  by  pneumonic  areas,  but  in  other 
instances  the  areas  resemble  those  of  ordinary  bronchopneumonia.  ()n  the  right 
side  the  general  condition  is  similar  to  that  on  the  left,  but  the  lesions  are  much 
more  extensive  the  entire  lung  being  so  completely  filled  with  these  pneumonic  areas 
that  it  appears  to  be  almost  solid.  There  is  marked  bronchitis.  Ova,  but  no 
]>arasites  are  found  free  in  the  bronchial  secretion. 

The  pericardial  cainty  contains  a  small  amount  of  normal-appearing  fluid  and 
both  the  visceral  and  parietal  serous  surfaces  show  bodies  similar  to  those  found 
in  the  pleural  cavities.  Over  the  surface  of  the  heart  itself  (PI.  1)  are  many 
little,  raised,  brownish,  granular  bodies  varying  from  1  to  3  or  4  millimeters  in 
diameter;  these  are  somewhat  hard,  surrounded  by  congested  zones  and  follow 
closely  in  their  distribution  that  of  the  vessels.  On  section,  the  heart  muscle  is 
found  to  be  very  friable  and  pale,  but  it  contains  none  of  the  bodies  already  men- 
tioned. Both  the  uj)])er  and  the  lower  surfaces  of  the  diaphragm  are  studded  with 
these  small,  dark,  cyst-like  Ixxlies.  The  diaj)hragm  itself  is  very  much  thickened 
and  contains  a  number  of  abscesses  within  its  substance. 

The  entire  ahdominul  cavity  is  almost  obliterated  by  a  mass  of  adhesions,  and 
(lark,  bluish  cystic  abscesses,  varying  in  size  from  1  millimeter  to  1,5  or  20  mil- 
limeters in  diameter,  are  sei'n  in  great  profusion.  The  surfaces  of  the  intestine  are 
everywhere  adherent.  The  omentum  is  thickened  and  filled  with  abscesses.  The  or- 
gans of  the  pelvic  cavity  are  so  bound  by  adhesions  and  contain  so  many  abscesses 
that  thev  can  onlv  Ix*  removed  with  a  knife. 

The  spleen  is  enlarged,  soft,  and  studded  both  on  the  surface  and  internally  with 
small  cystic  abscesses  similar  to  those  found  in  the  other  organs.  The  pulp  is 
exceedingly  soft,  dark-red  in  color,  and  there  are  numerous  small  areas  of  intense 
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congestion  c()rrcs])on<ling  to  the  Malpigliian  bodies. 
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The  pancreas  contains  a  nunibi'r  of  the  abscesnes  and  is  hsemorrhagic  for  a 
distance  of  about  5  centimeters  from  its  splenic  end. 

The  liver  is  enlarged,  firmly  adherent  to  all  surrounding  structures,  very  soft, 
friable  and  studded  with  little,  grayish,  liard  areas,  particularly  along  the  con- 
nective tissue  bands.  A  number  of  abscesses,  mostly  subcapsular,  are  found  in 
this  organ. 

The  gall  bladder  contains  about  15  cubic  centimeters  of  almost  colorless  bile 
and  the  ducts  are  open.  Its  wall  is  much  thickened,  firmly  lx)und  down  by  adhe- 
sion and  surrounded  and  impregnated  with  abscesses.  Tlie  scrotum,  epididymis 
and  left  testicle  contain  a  number  of  these  small  abscesses  and  the  prostate  gland 
is  similarly  involved. 

The  wall  of  the  large  intestine  is  very  much  thickened  and  is  surrounded  and 
infiltrated  with  abscesses.  The  mucous  surface  is  free  from  ulceration,  but  shows 
a  number  of  the  previously  described  cystic  abscesses  just  under  its  surface. 
This  condition  is  most  marked  low  down  in  the  rectum  and  around  the  opening 
into  the  appendix.  The  appendix  itself  is  involved  in  its  walls  and  also  externally, 
but  not  on  its  mucous  surface.  The  entire  small  intestine  shows  the  condition 
found  in  the  large  one,  excepting  that  the  changes  are  much  more  extensive  and 
in  several  places  in  the  ileum  the  abscesses  in  the  wall  have  ruptured  on  the 
mucosa,  leaving  ulcers  with  ragged  margins.  The  fibrous  adhesive  bands  asso- 
ciated with  broken-down  cysts  and  abscesses  in  the  mucosa  of  the  bowel  are  very 
extensive  and  in  some  places  they  apparently  almost  obliterate  the  lumen  of  the 
bowel.  The  stomach  is  surrounded  bv  a  number  of  abscesses,  but  both  its  internal 
surface  and  wall  are  apparently  free  from  the  infection.  The  abdominal  wall 
below  the  liver,  on  the  right  side,  contains  a  knotty  mass  of  abscesses  several 
centimeters  in  diameter  and  extending  well  down  behind  the  kidney. 

Both  kidneys  are  bound  to  a  mass  of  proliferated  tissue,  abscesses  and  adhe- 
sions, and  both  of  these  organs  contain  a  numWr  of  abscesses  like  the  ones  which 
have  been  described  and  which  are  most  numerous  just  under  the  capsule. 

The  muscles  of  the  calves  of  both  legs  and  those  of  the  thigh  show  abscesses 
which  are  from  3  to  5  millimeters  in  diameter. 

The  cerebrospinal  canal  was  not  opened. 

A  microscopic  examination  shows  parasites  and  eggs  in  the  contents  of  many 
of  the  abscesses,  but  not  in  all.  The  former  are  found  in  the  heart,  lung,  kidney, 
intestine,  spleen  and  abdominal  wall.  Living  parasites  were  extracted  from  the 
pectoralis  major  muscle  and  some  were  found  free  in  the  abdominal  cavity;  these 
were  probably  liberated  by  the  rupture  of  some  of  the  cysts  during  autopsy. 

Case  A'o.  3  {S2t)2o}. — J'arngani miosis,  extensive  infection  with  7*.  icestermanii ; 
ama^biasis  of  the  colon:  death;  autopsy. 

The  patient  a  Filipino,  ;')()  years  of  age,  has  the  following  hospital  record: 
Admitted  to  hospital  October  21,  UK).'),  with  a  diagnosis  of  acute  beriberi;  on 
October  23  he  was  transferred  to  tlie  beriberi  liospital ;  on  February  23,  1900,  he 
returned  to  the  j)rison  hospital  with  a  diagnosis  of  chronic  diarrhoea.  From 
February'  17  to  28  his  temperature  was  3()°..'>  to  30°. 8,  pulse  09  to  100, 
stools  2  to  11  in  twenty-four  hours.  No  cough  was  noted.  From  March  1 
to  31  his  temperature  was  3(;°.r>  t<»  37°.3,  pulse  98  to  101,  stools  0  to  13  in 
twentv-four  hours.  The  diarrluea  was  verv  persistent  and  not  to  be  controlled 
by  astringents  or  enemas.  From  April  1  to  30  his  temperature  was  3(P.8  to  37'*.2, 
pulse  08  to  100;  the  severe  diarrhtea  continued  during  the  month  and  microscopic 
examination  of  the  fa-ees,  on  April  0,  showed  amoeba*  and  red  bl<x>d  corpuscles. 
From  May  1  to  31  the  temperature  was  ^i\° A  to  30®.  The  diarrhoea  continued 
and  there  was  moderate  cough,  which  was  worse  at  night.     A  urine  examination 
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on  May  3  allowed  nothing  abnormal  and  a  sputum  examination  on  May  29  was 
negative  for  tubercle  bacilli  and  for  parasites  or  eggs.  From  June  1  to  30  the 
temperature  was  30°  to  39°,  the  lowest  point  usually  being  during  the  early  morn- 
ing hours,  but  on  a  few  occasions  this  relation  was  reversed.  Tlie  cough  became 
much  wor.se  during  this  month  and  on  June  6  there  was  a  hipmorrhage  of  about 
100  cubic  centimeters  from  the  lungs.  Examinations  of  the  blood  from  this 
haemorrhage  and  of  the  sputum  between  June  21  and  29  were  negative  for  tubercle 
bacilli  and  for  parasites  and  eggs.  On  June  29  the  stool  still  contained  amoebce 
and  considerable  blood  and  mucus  was  also  noted  therein.  From  July  1  to  4  the 
temperature  was  36°  to  37°. 2.  HaBmoptysis  of  about  600  cubic  centimeters 
occurred  again  on  July  3,  and  an  examination  of  this  specimen  was  again  negative. 
Following  this  last  hemorrhage  the  patient  sank  slowly  and  he  died  on  the  morn- 
ing of  July '4  with  a  clinical  diagnosis  of  amoebiasis  and  sprue. 

Autopsy  twelve  hours  after  death:  The  body  is  extremely  emaciated,  the  skin 
normal,  the  subcutaneous  fat  very  scanty,  the  muscles  wasted  and  very  pale  and 
friable.  The  superficial  lymphatics  are  all  enlarged.  One,  in  the  left  groin,  and 
two  in  the  right  axilla  are  partially  broken  down  and  contain  eggs  of  P.  toea- 
termanii.  A  small,  subcutaneous  abscess  at  the  back  of  the  neck  and  another  in 
the  left  mammary  region  are  noted.  Both  contain  fluke  eggs.  Upon  opening  the 
chest  a  number  of  dark,  slate-colored,  broken-down  glands  are  found  on  the  under 
surface  of  the  sternum;  a  similar  condition  extends  throughout  over  the  parietal 
pleurae  on  both  sides.  Both  pleural  cavities  are  obliterated  by  old  adhesions, 
and  all  tissues,  including  the  lung,  pleural  and  extra  pleural  structures  contain 
abscesses  from  5  millimeters  to  2  or  3  centimeters  in  diameter.  Both  lungs  contain 
numerous  congested  areas  which  on  section  resemble  bronchopneumonia.  In  most 
of  these  areas  numerous  parasites  and  ova  are  to  be  found.  A  number  of  the 
bronchial  glands  are  broken  down  and  have  the  general  appearance  of  the  other 
infected  tissues. 

The  diaphragm  is  thickened,  adherent  to  all  adjacent  structures  and  contains 
numerous  abscesses  of  various  sizes. 

The  pericardial  cavity  contains  a  small  amount  of  serous  fluid  and  numerous 
adhesions  are  present.  Both  the  parietal  and  visceral  serous  surfaces  are  covered 
with  small,  raised,  dark-bluish  or  brownish  congested  spots  which  on  section  are 
shown  to  contain  ova;  furthermore,  there  are  at  least  two  adult  trematodes  just 
beneath  the  visceral  pericardium,  in  the  region  of  the  right  auricle.  The  heart 
muscle  is  very  brown,  but  no  ova  are  found  in  its  substance. 

The  abdominal  cavity  contains  large  numbers  of  adhesions  between  the  omentum 
and  the  other  structures.  In  several  places  large  areas  of  the  omentum  are  puck- 
ered and  brought  to  a  central  point  of  adhesion  in  the  abdominal  wall,  and  at 
these  places  parasites  or  eggs  are  invariably  found.  The  omentum  in  general  is 
thickened  and  contains  numerous  abscesses  similar  to  those  in  other  parts  of  the 
body. 

The  spleen  is  enlarged  and  adherent  to  the  diaphragm  and  abdominal  wall.  It 
contains  a  number  of  superficial  abscesses,  which  show  both  parasites  and  ova. 
On  section  it  is  rather  firm,  bloodless  and  without  increase  of  pulp.  No  abscesses 
or  parasites  are  found  in  the  deeper  portions  of  the  organ. 

The  liver  is  of  normal  size,  adherent  to  the  diaphragm,  abdominal  wall  and 
intestine  and  contains  numernus  subcapsular  abscesses.  The  organ  is  rather 
firm  and  on  section  shows  some  increase  in  the  interstitial  tissue,  from  which 
ova  are  to  Ix*  isolated,  hut  no  abcsess  exists  within  the  parenchyma  of  this 
viscus. 
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The  gall  bladder  is  large;  it  contains  a  considerable  quantity  of  light-colored, 
fluid  bile,   no  parasites  or  eggs  are   seen   eitlier   in   the  gall   bladder   or   ducts.  • 
Nothing  abnormal  is  found  in  the  portal  vessels. 

Both  kidneys  are  of  normal  sizx*.  Tliey  are  very  pale  and  soft,  with  nonadherent 
capsules.  The  left  kidney  contains  two  subc^ipsular  abscesses  and  one  is  seen  in 
the  pelvis.     The  adrenals  appear  to  be  normal. 

The  left  psoas  muscle  contains  an  abscess  with  about  100  cubic  centimeters  of 
matter  having  the  appearance  of  ancho\'y  sauce,  in  wliich  hundreds  of  parasites 
and  eggs  are  encountered.  There  are  a  numl)er  of  smaller  abscesses  in  the  pos- 
terior abdominal  wall,  on  both  the  right  and  left  sides. 

The  prostate  gland  and  epididymis  contain  a  few  abscesses. 

The  bladder  appears  to  be  normal. 

The  entire  large  intestine  is  thickened,  of  a  dark-slate  color,  and  it  shows  a 
number  of  hard  nodules  beneath  its  peritoneal  surface.  On  section,  numerous 
ulcerations  extending  from  the  rectum  to  the  ciecum  are  found.  These  ulcers  vary 
in  size  from  2  millimeters  to  10  millimeters.  They  bear  no  relation  to  the  mesen- 
teric border  or  to  any  other  definite  anatomic  structure.  Their  margins  are  raised, 
appear  as  if  they  were  punched  out,  are  rather  hard,  granular  and  sometimes 
intensely  congested;  in  other  instances  they  are  without  congestion.  The  floor  of 
these  ulcers  is  either  in  the  submucosa  or  it  extends  down  to  the  muscular  layer. 
They  vary  much  in  size,  contain  a  dark-colored,  thickened  matter,  together  with 
numerous  ova  and  in  one  instance  a  parasite. 

The  lower  portions  of  the  small  intestine  and  appendix  are  similar  to  that  of 
the  large,  but  the  upper  two-thirds  of  the  small  bowel  is  apparently  free  from 
parasitic  infection. 

The  stomach  and  pancreas  appear  to  be  normal. 

A  most  striking  general  picture  of  this  autopsy,  as  well  as  in  the  two  preceding 
ones,  is  found  in  the  peculiar,  dull-slate  color  of  all  the  tissues  involved  in  the 
infection.  This  is  particularly  noticeable  in  the  omentum,  intestinal  wall,  and  in 
the  other  tissues  of  the  abdomen. 

The  abscesses  referred  to  are  of  a  peculiar  appearance  and  are  characteristic. 
They  vary  very  much  in  size,  but  the  general  appearance  in  every  instance  is  the 
same.  There  is  a  rather  definite  limiting  cystic  wall,  of  a  dull-blue  slate  color,  and 
on  section  a  dark  material  like  ancho\'\'  sauce  is  found.  In  most  instances  these 
abscesses  contain  either  parasites  or  ova,  or  both. 

Case  No.  4  {S79Do). — Jacksoftian  epilepsy,  paragonimiasis  of  the  brain,  lungs 
and  abdominal  organs;  death,  autopsy. 

The  patient,  a  male  Filipino,  .30  years  of  age,  was  admitted  to  the  hospital 
with  an  epileptic  seizure  and  lived  al>out  twenty-four  hours,  during  which  time 
the  attacks  were  repeated  two  or  three  times.  Nothing  is  known  of  the  previous 
history  of  this  patient  except  that  he  was  in  the  hospital  on  two  occasions  during 
the  present  year  suffering  from  acute  coryza.  During  his  last  illness  there  was 
no  fever,  and  the  epileptic  attacks  were  typical  in  every  waj'  of  epilepsy  major. 

Autopsy  four  hours  after  death:  Body  of  a  well-developed,  well-nourished  Fili- 
pino man.  Skin  and  mucous  membranes  appear  normal.  Two  small,  bleeding 
surfaces  on  the  tongue,  evidently  from  injury  during  his  epileptic  seizures.  There 
is  some  oedema  of  the  lower  eyelids  and  a  very  marked,  chronic  conjunctivitis. 
The  mucous  membrane  of  the  nose  is  also  hypertropliie<l  and  anlematous.  The 
subcutaneous  tissues  contain  a  moderate  amount  of  fat  and  are  normal  in  appear- 
ance; the  subcutaneous  lymphatics  are  not  enlarged,  except  in  the  right  axilla, 
where  there  is  moderate  hypeptrophy  without  any  evidence  of  an  acute  process. 
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The  muscular  tissues  are  rather  coarne  and  quite  pale  in  color.  Both  pleural 
cavities  contain  a  small  amount  of  cloudy,  serous  fluid  and  a  number  of  chronic 
adhesions,  tliese  adhesions  being  diffuse  over  the  visceral  surface  and  collected  in 
points  of  attachment  on  the  parietal  surface.  At  these  points  of  attachment,  along 
the  ribs,  are  found  a  number  of  slate-colored,  cystic  alwjcesses  which,  on  section, 
are  typical  of  those  already  described  for  paragonimiasis.  Both  lungs  are  rather 
voluminous  and  there  is  a  marked  bronchitis  of  all  of  the  larger  and  medium  sized 
tubes.  In  the  left  lung  there  are  several  areas  of  bronchial  pneumonia  due  to 
I\  u-cstermanii.     No  parasitic  areas  are  found  in  the  right  lung. 

The  visceral  and  parietal  layers  of  the  pericardium  are  adherent  in  several 
places  and,  on  separation  of  these  adhesions,  there  are  a  number  of  raised, 
brownish,  granular  patches  which  contain  eggs  of  the  parasite  in  question.  The 
heart  muscle  itself  is  firm  and  normal  in  color  and  no  lesions  of  the  endocardium 
are  found. 

The  abdominal  cavity  is  free  from  adhesions,  except  around  the  duodenum,  where 
there  is  a  mass  of  old  adhesions  surrounding  a  post-peritoneal  abscess  which 
leads  well  above  and  behind  the  left  kidney;  this  contains  about  50  cubic 
centimeters  of  material  resembling  anchovy  sauce  and  a  numl)er  of  adult  parasites 
and  eggs.  No  direct  connection  between  this  abscess  and  any  of  the  organs 
can  be  established. 

The  spleeti  is  of  normal  size  and  consistency  and  no  evidence  of  disease  in 
it  was  discovered  on  section. 

The  liver  is  slightly  cirrhotic  and  the  gall  bladder  and  bile  ducts  are  moder- 
ately distended  with  fluid,  which  microscopically  is  free  from  any  abnormal 
elements.  No  abnormal  changes  were  found  in  the  kidneys,  bladder,  or  other 
of  the  pelvic  or  abdominal  organs. 

The  intestine  unfortunately  was  not  opened. 

The  membranes  of  the  brain  are  thickened  and  adherent  in  many  places; 
bound  in  these  adhesive  masses  are  cystic  parasitic  abscesses  similar  to  those 
of  the  pleural  cavity.  The  choroid  j)lexus  is  coarse  and  granular,  slightly 
bluish,  and  a  few  eggs  are  found  in  its  substance.  The  brain  substance  itself 
appears  to  be  normal,  with  the  exception  of  moderate  congestion  near  the  cortical 
surface.     No  distinct  abscess  cavity  was  found  in  this  organ. 

Case  No.  5. — Pulmonary  tuberculosis;  pulmonary  pleuritic,  diaphragmatic, 
omental,  intestinal  and  lymphatic  paragonimiasis ;  death;  autopsy. 

Practically  nothing  is  known  of  the  clinical  history  of  this  case;  the  patient 
continued  to  perform  his  duties  to  within  about  twenty-four  hours  of  death,  at 
which  time  he  first  camo  under  observation;  no  microscopic  examinations  were 
made  during  life.  When  admitted  to  the  hospital  he  was  very  wejik,  moderately 
emaciated,  was  coughing  considerably  and  complained  of  pains  in  his  left  chest 
and  abdomen.  There  was  an  active  diarrh<pa  and  a  slight  elevation  in  temper- 
ature. 

Autopsy  eight  hours  after  death :  Pulnionarj'  tuberculosis  and  a  rather 
extensive  infecti(m  with  P.  westcrmanii  are  found.  The  tuberculosis  involves 
the  bronchial  glands  and  the  upper  lobes  of  both  lungs.  8ome  of  the  lesions 
consist  of  caseous  areas,  from  2  to  5  millimeters  in  diameter,  and  there  are  also 
several  tuberculous  cavities  of  about  equal  size,  and  one  10  millimeters  in 
diameter  is  fcmnd  in  the  apex  of  the  left  lung.  Very  few  miliary  tubercles 
are  encountered. 

The  Paragonimus  lesions  of  the  lungs  are  very  mnch  scattered,  as  are 
the  tuberculous  ones,  and  they  so  closely  resemble  the  cjivities  of  tuberculosis 
that   had   it   not   been    for   the   more   extensive   distribution   of   the   Paragonimus 
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cysts  in  other  organs,  the  double  infection  in  the  lungs  wouhl  probably  not  liave 
be«i  discovered.  Many  of  the  tuberculous  lesions  show  a  bluish  color,  similar 
to  that  constantly  observed  in  those  due  to  Paragoninuis  infection  and  it  is 
worthy  of  note  that  one  cavity  contains  both  tubercle  bacilli  and  an  adult 
P.  toestermanii. 

The  Pardgonimus  lesions  in  the  pleura',  diaphragm  and  abdominal  organs 
are  similar  to  those  described  in  the  previous  cases. 

Case  No.  6. — Paragonimiasis  of  int('sti)u\  otnentum,  pancreas,  diaphragm, 
abdominal  lymphatics,  and  left  pleura;  chronic  beriberi;  death;  autopsy. 

The  patient,  a  native  male  about  40  years  of  af,'e,  was  admitted  to  hospital  for 
chronic  diarrhoea,  which  he  stated  was  of  long  standing;  he  also  said  that  he 
had  suffered  from  acute  beriberi  about  eight  months  before  the  time  of  his 
admission  and  that  he  was  still  suffering  from  this  disease.  Death  from 
exhaustion  and  intestinal  hiemorrhage  occurred  five  days  after  he  came  under 
observation.  On  admission,  the  patient  complained  of  great  weakness,  diarrhcBa, 
and  partial  paralysis,  principally  involving  the  lower  extremities.  There  was  no 
cough  and  no  pain  in  the  chest.  Emaciation  was  very  great  and  anaemia  pro- 
nounced. There  was  moderate  atrophy  of  the  lower  extremities  and  all  the 
reflexes  were  absent. 

Autopsy  nine  hours  after  death :  Paragonimus  lesions  similar  to  those 
already  described  under  the  other  cases  are  found  in  the  intestinal  umll, 
the  peritoneum^  omentum,  mesenteric  lymphatics,  diaphragm,  sm€Ul  intestine 
and  left  pleura.  No  such  lesions  are  observed  in  the  lungs,  although  a  most 
careful  search  was  made,  and  these  organs  are  normal,  excepting  a  moderate 
congestion  and  oedema.  The  left  pleura,  particularly  on  its  parietal  layer,  is 
moderately  infected  and  this  condition  is  more  marked  toward  the  base  of  the 
chest,  this  infection  apparently  being  c(mtinuous  with  the  lesions  along  the 
diaphragm.  Tlie  most  advanced  lesions  are  found  in  the  abdominal  cavity, 
and  particularly  in  the  omentum,  where  some  of  the  slate-blue  cysts  10  to  15 
millimeters  in  diameter  are  observed. 

Ijesions  other  than  the  specific  and  definite  cysts  due  to  Paragonim^us  infec- 
tion are  as  follows:  Moderate,  fatty  degeneration  and  passive  congestion  of  the 
liver;  slight  increase  in  the  size  of  the  spleen  with  some  fibrosis  and  perisplenitis; 
moderate  cirrhosis  of  the  kidneys  and  old,  healing  amoebic  ulcerations  of  the 
colon. 

As  is  true  of  the  other  cases  studied,  jmrasites  or  eggs  are  foun<l  in  many, 
but  not  in  all  the  cysts. 

Case  No.  7. — Intestinal,  omental,  and  lymphatic  paragonimiasis,  acute  dysen- 
tery and  chronic  ixtrenchymatous  nephritis;  death;  autopsy. 

Practically  nothing  is  known  of  tlie  clinical  history  of  this  patient.  The  most 
interesting  feature  of  the  case  is  the  complete  abs<»nce  of  lung  or  other  thoracic 
lesion,  in  the  presence  of  a  well-define<l  Paragonimus  infection  of  some  of  the 
abdominal  organs.  There  are  two  typical  lesions  due  to  P.  westermanii  on  the 
under  surface  of  the  diaphragm,  on  tlie  left  side. 

Case  \o.  8. — Paragonimiasis  of  the  left  lung,  pleura  and  superior  surface  of 
diaphragm;  acute  generalized  tuberculosis :  death:  autopsy. 

The  interesting  features  of  this  case  are  as  follows:  The  parasitic  lesions  are 
confined  to  the  thoracic  cavity;  they  are  associate<l  with  tuberculosis  and  the 
dimilarity  between  some  of  the  tuberculous  and  the  Paragonimus  lesions  is 
striking.     The  bluish  color  of  the  parasitic  abscesses  is  less  marked  than  in  the 
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other  cases  and  a  Himilar  appearance  of  the  absceRBes  of  tub<*rcular  ori^n  is  more 
decided  than  it  is  usually.  Tubercle  bacilli  and  the  eggs  of  P.  weatermanii  were 
found  together  in  some  of  the  lesions. 

Cases  No8.  0  to  17. — These  are  all  cases  which  have  onlv  been  observed  clin- 
ically,  in  which  tlie  diagnosis  has  been  made  by  the  finding  of  the  eggs,  either 
in  the  sputum  or  stool.  These  cases  will  not  be  reported  in  detail  but  the 
more  or  less  careful  clinical  findings  will  be  embodied  in  their  appropriate  places 
in  this  paper. 

VI.    ETIOLOGY. 
A.   CONTRIBUTINO   CAUSES. 

The  contributing  causes  which  bring  about  infection  with  this  or- 
ganism, of  course,  can  not  completely  be  elucidated  until  the  life  cycle 
of  the  parasite  has  been  fully  worked  out.  However,  a  number  of  points 
deserve  consideration. 

(a)  Geographical  DiSTUiRrTiox. — In  the  opinion  of  some  of  the  best 
zoologists,  not  all  of  the  parasites  which  have  been  reported  as  Paragon- 
imus  are  of  the  species  westennanii,  but  until  such  time  as  this  confusion 
is  made  more  clear,  it  scK»ms  advisable  to  consider  the  geographical  distri- 
bution of  this  disease  as  including  all  points  from  which  the  parasites  have 
been  reported  either  for  man  or  other  animals.  Considered  in  this 
broad  sense,  the  geographical  distribution  would  include  practically  all 
of  Japan,  points  in  Korea,  Formosa,  China,  Holland  (Amsterdam), 
Germany  (Hamburg),  Sumatra  and  the  United  States,  and  to  this  list 
the  Philippine  Islands  must  now  be  added.  It  is  almost  certain  that 
the  increased  interest  which  the  importance  of  this  subject  demands  will 
result  in  the  finding  of  the  infection  in  many  places  where  it  has  hitherto 
been  unsuspected. 

(h)  Age,  sex,  race,  occupation,  climate,  and  peusonal  habits. — 
Age  is  probably  not  a  factor  in  the  etiolog}-  of  the  disease,  excepting  to 
the  extent  that,  as  in  many  other  inflections,  the  exposure  is  greater  and 
the  infection  correspondingly  more  frequent  during  the  more  active  years 
of  life.  Stiles  from  the  statistics  up  to  1900,  compiled  59  cases,  45  of 
which  were  between  the  ages  of  11  and  30  years.  Four  cases  were  in 
children  under  10  years  of  age  and  one  in  an  individual  over  50  years 
old.  My  IT  patients  ranged  from  20  to  (12  years  of  age.  Eleven  of 
them  were  between  25  and  35. 

Sex. — The  disease  is  much  more  fre^juent  in  males  than  in  females. 
This  has  been  noted  by  several  Japanese*  observers  and  in  a  recent  con- 
versation with  iiie.  Professor  Tokishige  again  emphasized  this  fact,  at 
least  in  so  far  as  Japan  is  concerned.  Stiles  and  Hassall's  statistics 
show  58  males  out  of  iid  cases.  Mv  cases  have  all  i)een  In  males,  but  it 
must  be  understood  that  in  compiling  this  series  my  opportunities  for 
observation  have  not  been  such  as  to  allow  me  to  judge  in  regard  to 
females. 
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Occupation. — The  majority  of  writers  attribute  very  little  importance 
to  occupation  as  a  factor  in  the  etiology  of  the  disease.  Many  of  the 
reported  cases  have  been  among  those  whose  vocation  brought  them  in 
contact  with  soil  and  water.  My  cases  have  all  been  among  people  of 
the  lower  classes,  where  many  of  the  different  occupations  offer  similar 
types  of  exposure  and  where  the  vocation  is  often  changed  from  day  to 
day.  Of  9  patients  in  my  series  where  the  occupation  was  given,  6  were 
fishermen,  2  were  cooks  and  1  a  laborer.  So  far  as  I  know%  fishermen 
have  not  been  considered  especially  susceptible  in  Japan. 

Climate. — Katsurada  states  that  the  disease  is  more  common  in  the 
mountainous  region  of  Japan. 

Physical  condition  and  personal  habits. — Some  writers  have  con- 
sidered cold  and  other  infections  to  l>e  predisposing  factors,  while  others 
state  that  healthy  persons  are  equally  susceptible. 

An  examination  of  my  cases  does  not  indicate  any  especial  suscep- 
tibility due  to  the  personal  habits  or  to  the  physical  condition  of  the 
patient.  As  may  be  noticed  from  the  protocols,  other  diseases,  which 
probably  antedated  the  fluke  infection,  were  present  in  some  instances, 
while  in  others  the  parasitic  disease  was  apparently  the  only  contributing 
cause  of  death.  The  association  of  tuberculosis,  amoebiasis  and  other 
diseases  with  paragonimiasis  wuU  be  discussed  in  another  part  of  this 
paper. 

B.    SPECIFIC  ETIOLOGY. 

Trematodes  in  general. — The  zoological  position  of  parasitic  flukes 
is  shown  in  Table  No.  1,  and  the  principal  diagnostic  points  of  the  para- 
sites and  ova  are  given  in  Tables  Nos.  2  and  3.  In  addition  to  this, 
however,  it  seems  advisable  to  enter  somewhat  more  into  the  zoological 
details,  because  of  the  very  great  importance  of  the  infections  to  which 
trematodes  may  give  rise. 

There  are  two*  classes  of  the  Platyhelminthes  or  flat  worms  of  interest 
to  medical  men.  These  are  the  Cestoda,  which  have  no  tligestive  tube, 
and  the  l^reitmtoda,  which  have  a  more  or  less  well-developed  digestive 
apparatus  without  an  anus.  The  order  Malacocoli/lea  of  the  class  Trem- 
atoda  contains  4  families  and  10  genera  or  collective  groups,  with  15 
species  which  interest  us  as  medical  men.  I'hcrc  are  certain  more  or 
less  general  characteristics  of  the  members  of  the  order  which  here  may 
briefly  be  noticcnl,  hcvause  they  tend  to  simplify  the  study  of  the  species 
which  directly  concerns  us. 

Nearly  all  parasitic  flukes  are  hermaphroditic,  with  two  important 
exceptions,  namely,  the  two  sjunics  of  the*  genus  Schisfosoum  {S.  hrma- 
tobiuvi  Hilharz  and  S.  japoninnn  Katsurada),  in  both  of  which  male 
and  female  adult  })arasites  develop.  They  are  all  rather  small,  nonseg- 
mcnted  worms  of  various  shapes,  but  for  the  greater  part  they  are  of  an 
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indefinite  oval  form.  There  are  one  or  more  suckers  and  in  a  few  in- 
stances one  of  these  is  armed  with  hooklets.  The  mouth  or  oral  sucker 
also  performs  the  function  of  the  anus.  The  cvticle  in  most  species  is  in 
part  covered  with  scales  or  spines,  hut  these  are  entirely  ahsent  in  others. 
The  muscular  system  is  rather  poorly  developed,  it  consists  of  a  series  of 
fibers  just  beneath  the  cuticle  and  what  is  known  as  the  parenchymatous 
muscle,  which  sends  branches  throughout  the  body.  A  nervous  system, 
also  poorly  developql,  consists  chiefly  of  two  or  three  ganglionic  masses 
near  the  head,  with  their  corresponding  trunks  and  branches  to  various 
portions  of  the  body.  The  digestive  tract  consists  of  a  mouth  (oral 
sucker),  pharynx,  and  cvsophagus,  which  divides  into  two  intestinal 
cseca,  which  in  turn,  in  a  more  or  less  winding  manner,  reach  to  the 
posterior  portion  of  the  parasite  and  terminate  as  blind  sacs.  In  the  genus 
Schistosoma  there  are  one  or  more  unions  and  separations  of  these  in- 
testinal caeca  before  they  end  in  the  posterior  jx)rtion  of  the  parasite 
The  excretory  system  is  primitive,  but  fairly  well  developed.  It  begins 
in  excretorv  cells  locate<l  in  various  parts  of  the  bo<lv  which  lead  bv 
channels  w^ith  the  usual  anastomoses,  to  an  o])ening  in  the  posterior 
portion  of  the  parasite,  called  the  excretory  pore.  The  reproductive 
system  is  well  developeil  and  shows  considerable  variation  in  different 
species.  In  the  main,  the  prominent  features  are  about  as  follows: 
The  two  testicles  are  usually  situated  in  the  posterior  portion  of  the 
worm,  and  are  of  various  shapes.  Each  one  is  connected  by  a  seminal 
duct  with  the  vas  de ferns,  which  in  turn  passes  forward  and  ends 
in  the  cirrus  pouch  which  is  on  the  ventral  surface  and  closely  con- 
nected with  the  genital  pore.  This  pouch  also  contains  the  cirrus  or 
penis.  From  the  vulvar  opening  the  vaginal  tube  is  continuous  with 
a  well-developed  uterus  which  usually  has  many  folds  and  terminates 
in  the  shell  gland  at  the  cotype.  It  is  indirectly  continuous  through 
the  cotype  with  other  tubes  which  also  enter  the  latter  as  follows:  The 
oviduct  which  connects  directlv  with  the  ovarv,  the  vitelline  duct  which 
is  formed  by  tubes  connecting  with  the  yolk  glands  or  vitelline  follicles 
and  Laurer's  canal,  which  is  a  small  canal  of  unknown  function  opening 
on  the  back  of  the  worm  and  often  distended  at  its  inner  end  into  a  recep- 
taculum  semitiis.  Ova  pass  out  through  the  vaginal  outlet  and  at  the 
time  of  oviposition  may  or  may  not  contain  a  ciliated  embryo.  In  either 
case,  under  ])ropcr  environment,  a  ciliatcnl  miracidium  escapes  from  the 
Qgg  and  after  a  time  enters  an  intermediate  host.  The  parasite  is 
again  taken  into  an  animal  host  from  some  one  of  these  unknown  inter- 
mediate ones  and  the  adult  parasite  once  more  developes. 

The  entire  life  cycle  of  any  of  these  thikes  with  the  cwception  of  that 
of  F.  hcpatira  Linn,  is  not  known,  hut  it  is  ])robal)le  that  the  intermediate 
hosts  will  be  found  among  the  same  class  of  niollusks  as  the  ones  which 
harbor  F.  hrpatira. 
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Takle  No.  1. — TreiwiUHien  itifccthty  imtn^  shumnij  the  ztjohijical  pof^ition  ofjiakei*. 


(Order.) 


Mnlacocotylea. 


(Genus,  or 
(Family.)  collective  »:roui>.)  (Species.) 

iMoiuKttomidae Moiiowtomulum  __.  3/. /</</»«  Gescheidt. 

I  AgftiTKHlistoinum  __  A.  oplitfiohmtln'mn  Die^ing 

I  [0. ////«/ fz-x  Riv'olta. 

Ol»i.»*th()rcliis lo.  ninurrn  Braun. 

t'>^- •""""'"'"■  Ck>l>lx»ld. 

F.  huxkii  Lankester. 

irier. 

HeterophyeJi JL  //'^7v>y*^//^>^  Sicbold. 

l*arnKOinniu.N /*.  tcfft'nnanii  KvT\H'Ti. 

(F.  htiHifini  Linn. 
Fasciola 1        . 

[r.  (/ii/antn'(i  CObbold. 

Dicrocoeliuin IKhnnntUitum  Kiidolphi. 

raraniphistomidae.  -  Ga.strodiscus G.  /*o//< ////.«*  L  and  Mc(/. 

jS.  fiannntohhim  Bilharz. 
I'S'-  j'liHinintm  Katsnrada. 


Fasciolidae 


(F.  huxkii  Lankeste 
Fasciolopsis i  .  .  ,>  ,  . 


Schistowinidae .SehistON)ma 


P.  WESTKH.MAMI  Kkkb. — /'.  irf'stcnminU  belon<^<  to  tlio  fainilv  Fas- 
ciolidae  and  is  the  type  s}>e(ies  of  tlie  genus  P(irn(/onimus.  It  was  dis- 
covered by  Kerbert  in  1878. 

(a)  Synonyms. — The  synonyms  for  this  parasite  as  given  by  Stiles 
are  in  the  foot  note.^ 

(6)  General  description  and  .spcrific  diaqnosis  of  llic  /xirasiles, — Size: 
There  are  considerable  variations  in  tlie  lueasureinents  of  the  this  worm 
as  they  are  given  by  various  writers.  IMiise  are  shown  in  Table  No.  2. 
The  personal  e<]uation  must  be  eonsiderabh'  in  trying  to  mea^^ure  tlie 
living  organism  but,  even  after  eliminating  this  and  as  mueh  as  possible 
all  other  sources  of  error,  the  ditferences  in  measurements  are  very  large 
and  they  are  often  noticeable  in  mature  specimens  from  ditferent  locations 
in  the  same  host.  The  limits  of  variation  are  probably  included  in  the 
following  measurements:  ().(K)S-0.()20  X  ().()04-0.(MH)  X  0.(M)v^-().(Kh;.  On 
one  oecassion  several  parasites  found  in  an  absctss  in  the  abdominal  cavity 

*  (a)  Synonyms.  Distoimi  irrstmnanii  Keii)*Mt,  1H7S:  l>istnina  rimicri  Cob- 
bold,  1880;  Orffiarina  pulnionuni  IJaelz,  ISHO;  (hctjavina  fusra  Haelz,  1880: 
Distomum  wrutrnnafn  KerlHMt.  IKHI  ;  l>ist</)na  pulmonis  Kiyona.  Supi,  and 
Yama^ate  (1881);  Difittfuiutn  jmhuonis  Kiyona.  Sii;^a,  and  Vanm<rate  (1881); 
Difttoma  pulmonale  liaclz.  188.*};  Disloina  pulmomir  La  ("linica  de  Malaga,  188;i; 
Ihstoma  pmmonutn  (liael/i  'i\)nioiio  llidekata.  1S8:{;  "IHstoma  hrpatiritm  Linn." 
of  Miura,  188!);  IHstomnm  rinf/rri  (('obiM)ld,  ISSO)  von  Linstow,  1881);  D'ihIo- 
mum  iPf'fftvrmann'i  l^eiu-kart.  1881);  iPistomum  puJmonalr  ilta(>lz)  Leiiokart.  188!); 
Dintomum  ccrchnilc  Vanm;,n\va.  18!)0;  Distoma  rint/rrs  Kcv.  Sei.,  18{)();  "Mrso- 
tfonimUM  trrstrrmanni  (Kerbert,  1878)"  lljiilliet.  18!)();  }f(\so{f(tnimuft  />M///<o;»a/j.v 
(Baelz,  188:n  Hailliet.  18!)():  Mrsoffonimus  rinf/rri  (Cobbold.  1880)  Iliiilliet, 
181H);  Difittnnn  irrstrrmtinni  (  Ki'rbert.  188}  )  Weber.  18!)1  ;  '"iPistonut  irrstrrmunni 
(I>»iickart)  Hlaneliard.  18!H  ;  **.l/r.vo//o/n///j/,s-  puhnonah'  (  l»aelz.  1878)"  Stossieli, 
1892;  ""Dintoma  {  Mrsof/onimus)  irrstrrmani  KerlK'Vt,  1878,"  of  Sti!e«*.  18!)4; 
Dwtomum  sp.  of  Kellieott.  1804;  IH.slumi  rinycri  iC'oblwld,  1880)  Simon.  18J)7; 
Paragonimus  irrsttrmanii    (Kerln'rt,  1878)    Stiles  &  Hansall,   1000. 
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were  quite  large,  averaging  0.015-0.018  in  length,  whereas  those  taken 
from  the  lung  in  the  same  ease  were  only  0.010-0.015.  The  worms  con- 
tract under  the  influence*  of  all  preservatives,  and  measurements  made 
with  specimens  wliich  have  heen  suhjected  to  this  influence  give  still 
more  uncertain  results. 

Color:  The  color,  when  the  trematodc  is  first  removi»d  from  the  ani- 
mal host,  varies  from  a  dark  reddish-brown  to  a  light  slate.  After  it  has 
been  exposed  to  the  air  for  a  short  time,  tlie  surface  takes  on  a  dull- 
grayish  appearance,  similar  to  that  seen  in  the  preserved  specimens. 

Shape:  When  the  parasite  is  alive  its  shape  is  somewhat  variable,  but 
on  the  whole  it  is  fairly  constant;  it  is  oval,  the  more  acute  pole  being 
the  caudal  extremity.  The  ventral  surface  is  more  flattened  than  the 
dorsal  one  and  at  times  it  is  even  concave,  except  at  the  extreme  cephalic 
end,  where  the  more  spherical  shape  is  maintained.  Si^ecimens  are 
always  altered  while  in  preparation ;  this  is  probably  due  to  the  more 
rapid  absorption  of  the  chemicals  by  certain  portions  of  the  body  and 
the  consequent  imeven  contraction. 

Motility:  There  does  not  appear  to  be  much  in  the  literature  concern- 
ing the  motility  of  tliese  worms.  The  parasites  do  not  appear  to  have 
more  than  a  slight  power  of  active  locomotion  when  they  are  removed 
from  the  host,  but  motions  of  different  portions  of  the  body  may  be  seen. 
The  most  interesting  of  these  gives  the  trematodc  the  ability  to  pro- 
trude and  retract  its  head  by  stretching  or  contracting  that  part  of  the 
body  cephalad  of  the  acetabulum,  and  again  it  has  the  power  of  altering 
the  plane  of  the  oral  sucker  in  a  like  manner,  so  that  at  times  the  latter 
may  appear  to  be  directly  terminal  and  again  almost  completely  sub- 
terminal.  These  two  motions  may  be  observed  in  a  much  more  striking 
degree  in  members  of  the  genus  Opisthorchis. 

Cuticle:  A  rather  thick,  dense  skin  envelopes  the  entire  parasite,  but 
when  it  is  carefully  studied  in  serial  sections  cut  longitudinally  and  trans- 
versely (see  Plates  V,  VI,  VII,  and  VIII)  it  is  seen  that  this  cuticle  is 
not  of  equal  thickness  throughout,  it  being  heavier  on  the  dorsal  and  lat- 
eral surfaces  than  it  is  on  the  ventral  one.  Even  in  some  places  on  the 
dorsum  it  is  thicker  than  it  is  in  others.  At  the  cephalic  end,  the  struc- 
ture of  the  cuticle  is  more  closely  interwoven  with  that  of  the  deeper 
tissues. 

Spines:  Almost  the  entire  body  of  this  worm  is  covered  with  scale-like 
spines,  which  are  of  different  sizes  in  different  locations,  and  in  certain 
places,  such  as  the  ventral  surface  from  the  acetabulum  to  the  oral  sucker, 
thev  are  almost  entirely  absent.  Tlie  spines  in  this  situation,  wherever 
they  occur,  are  smaller  than  the  others;  they  gradually  increase  in  size 
on  the  lateral  borders  and  thev  reach  a  maximum  on  the  dorsum.  This 
seems  to  be  true  whatever  transverse  plane  of  the  body  is  studied,  but  it 
is  particularly  marked  about  the  region  of  the  acetabulum.     Again,  in 
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longitudinal  sections,  it  is  observed  that  the  spines  at  the  extreme  cephalic 
extremity  are  smaller  and  that  they  become  larger  toward  the  equa- 
torial portion  and  again  sliglitly  smaller  at  the  caudal  extremity.  In 
places,  such  as  on  the  dorsum,  these  spines  seem  to  extend  above  the  sur- 
face more  than  they  do  in  other  situations,  whereas  along  the  caudal  por- 
tion of  the  ventral  surface  their  i)ro|Vction  ai)ove  the  surface  is  hardly 
noticeable  in  sections.  The  varying  direction  of  tliesc  spines  as  they  are 
seen  in  sections  from  different  worms  would  suggest  that,  during  life,  the 
animals  may  have  the  power  of  moving  them  and,  [)erha])s,  of  using  them 
in  locomotion  or  in  holding  themselves  in  position  for  other  purposes. 
This  hypothesis  of  motion  is  further  born  out  by  the  unique  arrangement 
and  setting  of  the  spines  in  the  skin.  They  rise  from  tiie  inner  surface  of 
this  organ,  penetrate  it  at  fairly  constant  and  parallel  angles,  and  are 
very  closely  held  in  place.  Alternate  layers  arise  from  a  slightly  more 
superficial  layer  of  the  skin,  but  these  pass  out,  as  do  those  from  the  deeper 
tissues. 

Oral  sucker:  This  is  spherical  or  slightly  oval  in  shape,  the  largest 
diameter  always  being  ventro-dorsal,  it  is  terminal  to  subterminal,  and  in 
the  living  parasite  it  may  change  from  one  to  the  other  of  these  positions. 
Measurements  have  only  been  possible  in  preserved  specimens,  and  here 
accurate  work  with  a  Zeiss  photomicrograph ic  apparatus  gives  0.86  milli- 
meter as  an  average  of  10  specimens,  the  smallest  being  0.63  and  the 
largest  0.97  millimeter.  The  sucker  is  composed  of  outer  and  inner,  rather 
definite,  membranes  which  are  connected  by  radiating  fibers  interspersed 
with  small,  granular  cells.  The  outer  membrane  apparently  connects 
directly  with  the  parenchymatous  muscle  fibers  of  the  parasite.  The 
lateral  lips  of  the  sucker  are  heavier  than  the  ventral  and  dorsal  ones. 

Ventral  acetabulum :  This  is  slightly  larger  than  the  oral  sucker.  The 
average  measurements  in  the  parasites  used  in  measuring  the  oral  sucker 
gave  0.92  millimeter,  the  smallest  being  0.76  and  the  largest  1.31.  It  is 
slightly  oval  or  spherical  in  shape,  and  in  structure  it  closely  reseud)les 
the  oral  sucker.  It  is  situated  in  the  cephalic  half  of  the  body,  on  the 
ventral  surface.  At  times  its  surface  seems  to  be  })arallel  with  the  ventral 
surface  of  the  parasite  and  again  it  appears  to  form  quite  an  angle  with 
the  latter.  The  distance  of  the  acetabulum  from  the  oral  sucker  is  a 
changing  one  during  the  life  of  the  parasite;  tiiis  is  due  to  contractions 
and  protrusions  of  the  cephalic  portion  of  the  worm. 

Pharynx  .'/nun  is  a  constricted  portion  of  the  oro-(es()i)hageal  tube  and 
it  does  not  differ  in  structure  from  the  oesophagus. 

(Esophagus :  This  organ  is  short  and  finally  divides  into  the  two  intes- 
tinal caeca.  Together  with  the  ])harynx,  it  arches  somewhat  dorsally  from 
the  oral  sucker  to  its  bifurcation;  in  stnicture  it  resembles  the  oral 
sucker. 
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Intesiinul  cocca:  These,  two  in  mimber,  rise  from  the  bifurcation  of 
the  oesophagus  and  run  out  in  a  zig-zag  course  on  either  side,  very  nearly 
to  the  caudal  end  of  the  parasite.  Sections  through  these  organs  show 
what  appears  to  be  a  primitive  mucous  membrane  consisting  of  a  base- 
ment membrane  with  superimposed  cells 

Oenital  pore:  This  is  small  and  often  indistinct.  In  3  out  of  5  speci- 
mens it  was  to  the  left  of  the  median  line,  close  to  the  ventral  acetabulum. 

Male  organs:  These  are  not  ven^  well  developed;  the  testicles  lie  one 
on  each  side  of  the  median  line,  the  one  slightly  more  caudad  than  the 
other,  and  both  just  posterior  to  the  uterus,  however;  the  latter  organ 
sometimes  so  overlaps  one  of  the  testicles  as  to  render  its  detection  dif- 
ficult.    The  cirrus  and  cirrufi  pouch  are  absent. 

Female  organs:  The  rather  short,  compact,  closely  coiled  uterus  may 
lie  on  either  side  of  the  median  line  just  caudad  of  the  ventral  acetabulum. 
The  ovary  is  distinct,  branched,  and  usually  almost  opposite  and  slightly 
posterior  to  the  uterus. 

Excretory  pore :  This  is  prominent  and  situated  at  the  caudal  extremity. 

Vitellaria:  These  are  numerous  and  well  developed,  covering  almost 
the  entire  parasite.     Laurer^s  canal  is  present. 

Table  No.  3. — Showing  the  principal  diagnostic  poinU  of  fluke  eggs. 


Size. 

Shape. 

Color. 

Operculum. 

M.  leiUis  Qeflcheidt  __ 

• 

Well  defined  on  the 
more  acute  pole. 

(?) 

Sharply  defined. 

(?) 
Present. 

Do. 

Not  present;  us- 
ually terminal 
or  subterminal 
spine. 

No  spine  or  opercu- 
lum. 

A.       oithtkalmobium 

Diesing. 
O./eliwun  Rlvolta... 

0.  itnverca  Braun 

0.  ffineiisiis  Cobbold.. 
F.  bu^kii  Lankester.. 
F.  mt/ifiottm  Poirier. 
H.    hderophyen   Sle- 

bold. 
P.  %ceMermanU  Kcr- 

bert. 

F.  hepatim  Linn 

F.  ffigantica  Cobbold . 

D.  UnwcolcUrim  Ru- 
dolph i. 

0.  homhiis  Lt'wis 
and  McConnell. 

S.  haematobium  Bil- 
harz. 

S.  japonicinn  Katsu- 
rada. 

Styles,  26-80  X  11-15 

34  X  19-21- - 

27-30  X  1^17  — — 

Oval 

do 

(?) 

do  w_- 

Dark  brown ._ 

120-130  X  77-80 _. 

150  X  80 _ 

Ovoid  _. 
Oval.... 

-..do... 
„„do 

20-80  X  15-17._ 

Light  brown- 
Yellow  shell— 

Leuckart,  80-100x56; 

Ward.  96-118X48-63; 

Stiles  and  Hassall, 

68-96  X  48-60. 
130-145  X  70-90.- 

160-190  X.  75-90 

38-45  X  22-30 

150  X  72- 

Oval  -  _ 

136-160  X  55-66 

. do 

58-90  X  30-72.5:  Woolley. 
62.4-72.8  X  43.6-48. 

...-do-- 

Yellow 
brown. 
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Table  No.  3. — Shoiving  the  principul  diagnostic  points  of  fluke  eggtf — Continued. 


Miiicidum. 

Sporocyst. 

Redia. 

Cercaria. 

Intermediate 
hoet. 

M.  Irutis  Gcscheidt  „ 
A.       ophtfuilnujbium 

Diesing. 
O./flineu*  Rivolta... 

0.  noivrca  Breun 

0.  finenftitt  Ck)bbold._ 

F.  bufkii  Lankester.. 

Unknown. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Snails. 

Contains         ciliated 

embryo  at  oviposi- 

tion. 

(?)  rnknown 

Contains         ciliated 

embryo  at  ovipowi- 

tion. 

Not  known 
do...- 

Not  known 
-_-.  do   - 

Not  known. 
do 

.    do- 

....  do 

do 

do-— 

do..-. 

do 

___.  do 

F.  rathhouUi  Poirier. 
H.    hderophyet   Sie- 
bold. 

P.  tcegUrmanii  Ker- 
bert. 

F.  hepaiica  Linn 

1 
r 

I 

1 

F.  ffigaiUica  Cobbold. 
\    D.  Itinretttdtum   Ru- 

„      do.. 

.do 

Thick  shell;  contains 
ciliated  embryo  at 
oviposition. 

Ciliated:  developes 
after  egg  leaves  the 
host. 

Conical.  ciliated, 
with  one  (Mtpilla, 
twocup-8hai>ed  eye 
spots  and  nidi  men- 
tan-  intestine. 

do..- 

do-... 

do-... 

do.... 

do 

do 

Found  in  s 
of  genus 

mall  smiils 
Li  nunc. 

Whitish 
and  found 
encysted 
on  plants. 

Contains        embryo 
when  oviiKJsited. 

dolphi. 
1    0.     hominit     Lewis 

i 

and  McConnell. 
6*.  haematobium  Bil- 
harz. 
1    S.  japf/nictim  Katsu- 
rada. 

Develop*  after  ovipo- 
sition. 

Elongate,  oval,  cili- 
ated on  anterior 
portion. 

1 

i 

1 

1 

Ova:  The  eggs  are  oval  in  sliape  and  vary  in  color  from  a  reddish-brown 
to  Hglit-yellow,  the  color  depending  somewhat  upon  the  stage  of  their 
development  and  the  source  from  which  thev  are  obtained  and  perhaps, 
also,  upon  other  conditions  which  are  not  fully  understood.  Again,  their 
size  varies  considerably,  and  a  glance  at  Table  No.  ^5  will  show  the 
marked  diflferenees  in  the  measurement  given  by  some  of  the  principal 
observers.  1  have  carefully  measured  several  specimens  with  the  Zeiss 
photomicrograph ic  apparatus  with  the  following  results: 

length.  0.00(V2  to  0.001)8;  average,  0.0074. 
Breadth.   0.0047   to  0.0003;   average,  0.0057. 

Eggs  in  si'ctions  of  tissues  and  thos<^  j)reserved  in  any  other  manner 
contract  somewhat  and  these  are  not  considered  in  the  measurements 
given   above.     A   well-marked    operculum   is   probably   present   in    all 
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mature  spwinious,  but  in  many  instances  this  is  indistinct  and  at  times 
it  can  not  be  made  out  at  all.  Tliis  operculum  has  quite  a  distinctive 
appearance  wliich  is  noticeably  different  from  that  of  some  of  the  other 
fluke  eggs.  The  operculum  in  the  ova  under  c(msideration  appears  to 
fit  into  an  opening  very  much  in  the  manner  of  a  cork  into  a  bottle, 
whereas  in  some  of  the  other  trematodes,  particularly  Opisthorchis,  the 
ojxircula  appear  to  be  placcHl  over  oi)eniugs  more  in  the  fashion  of  a  cap. 

The  ovic  cell  in  many  specimens  is  quite  distinct,  and  several  yolk  cells 
are  then  also  prc^sent,  but  in  others,  even  if  they  are  taken  from  the 
same  abscess,  no  such  structure  can  be  made  out. 

(c)  Life  cycle, — The  life  cycle  of  this  worm  is  unknown;  this  fact  is 
brought  out  by  Table  No.  3.  When  the  eggs  are  oviposited  they  do  not 
contain  an  embrvo,  but  Manson  and  a  few  other  observers  have  succeeded 
in  hatching  free  swimming,  ciliated  miracidia  from  these  eggs  by  placing 
them  in  water  for  given  lengths  of  time.  I  have  repeated  these  experi- 
ments many  times,  but  so  far  have  not  succeeded  in  obtaining  the  mira- 
cidia. The  sporocyst,  redia,  cercaria  and  intermediate  host  or  hosts  are 
absolutely  unknown,  but  reasoning  from  analogy  it  is  probable  that  the 
intermediate  host  will  be  found  to  be  some  form  of  edible  snail. 

{(l)  Habitat. — The  habitat  is  in  man  (all  tissues  and  organs)  the 
dog,  cat,  hog,  cow  and  tiger.  In  the  Philippine  Islands  it  has  been  found 
in  man  and  the  cat.  The  men  under  mv  observation  were  one  Chinaman 
and  two  Japanese,  the  others  being  native  Filipinos.  Thirty-two  autopsies 
on  cats  were  performed  and  although  fluke  infections  were  present  in  over 
60  per  cent  of  the  animals,  P.  westermami  was  found  but  once.  It  has 
not  been  encountered,  even  after  careful  search  in  rats,  dogs,  or  monkeys. 

{e)  Dwtribution  in  the  body, — The  parasites  or  eggs  have  been  re- 
ported according  to  previous  literature  in  the  following  ])laces :  The  lung, 
brain,  eyelids,  liver,  intestinal  wall,  omentum;  diaphragm,  cervical  glands, 
in  Poupart's  ligament,  the  perineum,  appendix,  rectum,  peritoneum,  cir- 
rhotic liver,  and  free  in  the  abdominal  cavitv. 

« 

Looss  and  other  careful  workers  doubt  the  diagnosis  in  some  of  these 
cases.  However  that  mav  be,  1  now^  wish  to  confirm  everv  one  of  the 
above-mentioned  sites  of  infection  and  to  add  to  them  practically  every 
other  tissue  and  organ  in  the  body.  Particular  attention  may  be  called 
to  the  spleen,  skin  (ulcers),  lym})hatics,  pancreas,  heart  and  pericar- 
dium, the  epididymis,  urinary  bladder,  ])sdas  and  other  muscles,  and 
many  other  places.  In  fact,  in  some  of  my  cases  which  have  been  de- 
scribed alK)ve  the  distribution  of  the  parasites,  eggs  and  legions  was 
sufficiently  universal  to  justify  the  term  of  general  infection, 

(f)  Pritnary  points  of  infection  and  wanner  of  spread  in  the  body. — 
The  exact  mode  of  infection  can  not,  of  course,  be  determined  until  the 
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life  cycle  of  the  parasite  is  further  elucidated.  Considering  the  facts 
which  are  available,  it  has  generally  been  supposed  that  the  infection  is 
taken  into  the  gastro-intestinal  canal  through  food  or  drink.  However, 
it  has  been  difficult  to  reconcile  this  conclusion  with  the  next,  quite 
generally  accepted,  statement  that  the  lungs  are  the  primary  seat  of 
lesions  and,  indeed,  arc  the  only  organs  involv(Ml  in  many  of  the  cases. 
Several  observers  believe  that  the  worms  roach  the  lungs  by  wandering 
from  the  oesophagus  into  the  trachea  and  then  through  the  bronchial 
tubes.  •  Katsurada  considered  that  the  young  worms  could  bore  through 
the  intestinal  wall  and  reach  the  lungs  by  the  lymphatics  and  Yama- 
giwa  thought  that  they  could  enter  them  by  penetrating  directly  through 
organs  and  tissues.  All  have  agreed  that  the  brain  lesions  which  are 
often  encountered  are  secondary  to  the  pulmonary  ones,  and  that  the 
infection  reached  this  organ  through  the  blood  vessels. 

Considering  our  present  knowledge  of  the  subjcx^t,  infection  through 
the  gastro-intestinal  canal  must  be  accepted  but  the  possibility  of  infec- 
tion through  the  sound  or  broken  skin  can  not  be  excluded.  Further- 
more, from  the  facts  brought  out  in  this  report,  the  lungs  can  not  be 
considered  as  the  primary  seat  of  lesions  nor  even  in  many  cases  as  the 
most  important  organs  involved. 

The  observations  made  in  Manila  further  convince  me  that  the  spread 
of  the  infection,  when  it  is  once  established,  is  chiefly  by  the  lymphatics, 
as  was  originally  pointed  out  by  Katsurada.     Many  facts  tend  to  sup- 

* 

port  these  statements'.  In  the  first  place,  in  at  least  one  of  my  cases  the 
lungs  were  not  at  all  involved  and  in  one  instiince,  they  were  the 
only  organs  infected.  All  the  findings  are  compatible  with  the  theory 
of  gastro-intestinal  infection,  spread  by  lymphatics.  Even  the  lung 
lesions  often  bear  out  this  view,  for,  as  we  shall  presently  see,  the  major- 
ity of  the  lesions  are  not  of  the  bronchiectatic  type  as  it  is  generally 
considered,  but  they  bear  a  closer  relation  to  the  lymphatic  system. 

VII.    PATHOI/)OY. 

The  articles  dealing  with  the  pathology  of  this  infection  prior  to  1899 
have  been  well  summarized  by  Stiles  and  llassall ;  tbe  most  important 
ones  since  that  time  have  betm  those  of  Katsurada,  Scheube  and  of  Tjooss. 
Taken  togetber,  these  discussions  hardly  j)nsent  an  adequate  picture  of 
the  pathology  of  the  disease  as  it  has  been  seen  in  Manila. 

In  general  in  my  cases,  the  (listrii)uti()n  and  severity  of  the  lesions  have 
l)een  greater  than  is  usually  recognized  to  be  the  case  by  other  writers, 
and  the  lung  lesions  are  not  as  j)redominant  a.s  they  have  been  accredited 
with  l)eing  in  other  localities  where  the  disease  is  endemic. 
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A.   MATERIAL. 


The  character  and  the  amount  of  material  for  this  report  has  already 
been  extensively  reviewed  in  Chapter  V. 

B.   METUODS. 

Museum  sp(»cimens  have  l)een  prepared  by  the  Kai.serling  method  and 
a  fairly  complete  collection  of  specimens  deposited  in  the  Museum  of  the 
Biological  Laboratory  of  the  Bureau  of  Science  in  Manila.  Another 
smaller  selection  has  been  forwarded  to  the  Army  Medical  Museum  in 
Washington,  and  still  others  furnished  the  Xaval  School  of  Tropical 
Medicine  in  Washington  and  other  interested  persons.  Tissues  for  histo- 
logic study  were  fixed  in  Zenker's  solution  and  in  alcohol  and  ultimately 
imbedded  in  paraffin. 

A  large  variety  of  stains  has  been  used,  including  Van  Gieson's, 
Heidenhain's  iron  and  other  hematoxylins,  Borrel's  and  the  safranin 
stains.  Many  stains  are  satisfactory  for  the  reason  that  fine  differentia- 
tion is  hardly  nc^cessary  for  the  study  in  sections  of  the  organisms  or  eggs. 
On  the  whole,  the  Van  Gieson  has  proved  the  most  useful  stain,  and  it 
is  by  far  the  most  satisfactory  for  the  study  of  the  cuticfe  and  spines 
of  the  parasites.  Eosin  and  methylene-blue  give  a  sliarp  and  clear 
picture,  particularly  of  the  eggs,  although  these,  as  well  as  the  parasites, 
are  easily  recognized  even  in  unstained  sections. 
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Table  No.  4. — Shmvimf  pathologic  summary 


External  find- 
ings 


Lymphatlcfi-. 


MuRclos. 


Thoracic  cav 
ity. 


Pleura?. 


Lnnps. 


Heart 


Emaciation  and  ana>mia, 
marked  chronic  con- 
JunctivitlN.  Bluish 
ulcer  right  axilla  con- 
taining ova  P.  itrnkr- 
mnnii. 


Necrotic  in  right  axilla 
and  contain  ova  /*.  urn- 
iernmnii.  Supertlclal, 
all  moderately  en- 
larged. Inguinal  and 
femoral,  markedly  en- 
larged. Abdominal 
enlarged,  some  nec- 
roti(>  and  contain  eggs 
of  P.  u'CfUi'manii, 

Soft,  pale  and  coarse. 
Adult  P.  ipe^eriminii 
in  left  pectoral  is  major 
and  another  in  cyst 
cavity  in  aljdominal 
wall. 


I*eri<'ar«ii>im  __ 


Many  adhesions.  Bluish 
P.  icf$t(mumn  cyst  on 
under  surface  of  ster- 
num. 

Considerable  fluid  with 
flocculi  and  stringy  ma- 
terial in  both.  Many 
adhesions,  both  vis- 
ceral and  parietal,  con- 
tain many  bluish  P. 
wfftfrmami  cysts  with 
eggs.  Some  *  are  in 
chest  wall  outside  pleu- 
ra. 

Moderate  bronchitis.  No 
bronchieclatic  cavities 
and  nr)  eggs  or  para- 
sites free  in  bronchi. 
Numerous  areas  of 
b  r  o  n  c  h  opneumonia. 
largest  near  surface. 
Many  of  these  areas 
contain  cysts  with  P. 
nrstfrnuiiiii,  and  others 
contain  ova.  Many 
bluish  cvsts  with  eggs 
or  parasites  not  in  the 
pneumonia  area«<. 


Small  amount  of  cloudy 
fluid  but  no  eggs.  Se- 
rous surfaces  null  and 
adherent  over  right  au- 
ricle. Eggs  and  para- 
sites in  adhesions  in 
bn)wnish  patches. 


Muscle  brown  and  coarse: 
Pfiniffimimint  lesions 
extend  a  short  distance 
from  pericardium. 


II. 


III. 


.,. ,  .. .  t . 


General  nutrition  good; 
moderate  Jaundice: 
macular  skin  eruption. 


Ematriation  extreme. 
Small.  Rubcutaneous 
ab8ce»e4  at  back  of 
neck  and  left  mam- 
mary region  and  in 
left  groin  containing 
ova. 

Axillary  moderately  en-  '  Superficial,  all  enlarged. 


large<l  and  congested 


Soft  and  pale.  Both  pt^c- 
toralLs  major  muscles 
contained  cystic  ab- 
Hcesses  with  adult  P. 
icnttermanii.  A  chain 
of  abscesaes  in  abdom- 
inal wall  on  right  side 
extending  down  be- 
hind the  kidney.  A 
few  small  aliscesses  in 
the  calf  muscles  of  both 
legs. 

A  few  small,  bluish,  cys- 
tic absceases  on  under 
surface  of  sternum. 

Both  cavities  contain  ' 
yellow,  flocculent  fluid 
with  long  .shreds  of 
necrotic  tissue.  Both  ' 
vi.sceral  and  parietal 
pleuneand  even  exter- 
nal to  the  pleunr  are 
very  numerous,  bluish 
cystic  abscesses  ctm- 
taining  ova  or  para- 
sites. 

Moderate  bronchitis  with 
ova  but  no  '  parasites 
free  in  the  tubes.  Both 
organs  contain  many 
areas  of  broncho-peu- 
monia,  the  largest  one 
being  superflclal. 
Some  of  these  areas  ap- 
pear as  those  of  onii- 
nary  pneumonia  while 
others  .surround  cystic 
al«cesses.  There  are 
also  numerous  bluish 
cystic  abscesses,  more 
numerous  subpleural, 
which  are  not  sur- 
rounded by  pneumonic 
areas. 

Normal  amount  of  clear 
fluid,  a  few  adhesions 
between  the  epi-  and 
pericardium.  Both 
membranesshowsmall, 
bn)wnish  areas  con- 
taining ova.  Several 
bluish  cystic  abscesses 
on  outer  surface  of  pa- 
rietal membnine. 

Surface  shows  many  little 
brownish  rai.sed  areas 
which  contain  ova  and 
follow  the  ves.selsin  di.s- 
tribution.  Muscle  pale 
and  friable. 


Dark,  slate-colore<l  cx's- 
tic  abscesBes  on  under 
surface  of  sternum. 

Extensive  obliterativc 
pleuritis.  All  tissues 
and  even  extra  pleural 
stnictures  infiltrated 
with  typical  abficeasea. 


Extensively  Involved; 
areas  of  bronchopneu- 
monia and  abficefiK  for- 
mation as  in  Cafles  I 
nnd  II. 


one  in  left  groin  and  ; 
two    in    right    axilla  , 
broken  down  and  con- 
tain    ova.     Bronchial 
glands  bluish  and  con- 
tain abscesses. 


Wasted.  Large  left  psoas 
abscess  containing  over 
W  adult  parasites: 
other  small  abscesses  in 
IKwterior  abdominal 
wall  on  l>oth  sides. 


Extensive  obliterative 
pericarditis.  Both 
parietal  and  visceral 
surfaces  covered  with 
dark,  brownish,  raised 
areas  containing  ova. 
Two  adult  parasites 
under  visceral  peri- 
cardium.   (See  1*1  I.) 

Muscle  very  bn>wn.  For 
surface  see  above  and 
Plate  I. 
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in  eight  fatal  cases  of  poragoninms  infection. 


V. 


Well  developed  and  nour- 
ished. Some  cedema  of 
ejrelidH  and  marked 
chronic  conjunctivitLs. 
Mucosa  of  nofie  hyper- 
trophied. 

Superficial,  normal  except 
in  ri^ht  axilla  where 
there  was  moderate  con- 
gestion. 


Moderate  ema- 
ciation. 


VI. 


Extreme  ema- 
ciation and 
amt'mia. 


Not  involved 
except  in  the 
abdominal 
cavity. 


Appear  normal 


Pale  and  wift 


Moderate  obliterative; 
pleuritis.  Moderate 
number  of  the  Paragoni- 
mu«  abflceflses  in  left  aide 
and  a  few  in  the  right 


Marked  bronchitis  of  the 
larger  tubes  but  no  eggs 
or    parasites.       A    few 
meumonlc  areas  in  the 
eft  lung  and  a  few  blu- 
sh abscesses.    The  right 
ung    apnarently     m.'e 
from  the  fluke  infection 
except  in  areas  imme- 
diately    l>eneath      the 
pleura. 


Very  extensive 
Parntfonimua 
infecti(»i)  sim- 
ilar to  Case  I. 


Superficial, 
nonnal:  mes- 
enteric; and 
other  alxlom- 
inal  enlarge<l 
and  may  con- 
t  a  i  n  Piira- 
(fonimiiit  al>- 
scesscs  and 
eggs- 
Pa  1  e  and 
wasted. 


Right  normal, 
left  contains 
a  few  P(trn- 
grntimus  ab- 
scesses and 
adhesions. 


Extensive  dou- 
ble infection 
of  tuberculo- 
sis and  P(t ra- 
ff o  u  i  m  u  H  . 
One  abscess 
c  o  n  t  a  i  n  s 
both  tubercle 
bacilli  and 
adult      Pnm- 


Moderate    con- 

5estl<mbutno 
*<i  ni(/oiu'mm< 
lesionsoreggs 
found  after  a 
most  careful 
search. 


.\dhcsions      in      several 
places  which,  when  sep- 
arated,  have  brownish 
I      areas  con  tai  n  i  ng  o  va . 


Appears  normal 


Not  involved... 


Moderate  Pnm- 
(jouimnn  in- 
fection of  the 
abdominal 
lymphatics. 


Absolutely  free 
from  Piirn(ff)- 
»!>»?/«  lesions. 

Appear  normal. 


Paragonimus 
1  e  s  i  ons  of 
left  side. 


Appear  normal. 


Par  af/onimut 
1  e  s  i  ons  of 
left.  Tub- 
erculosis 
both  lungs. 


I 
Api)ears      nor-  '  Appears      nor- 
mal, nial. 


Not  involved .. 


Appears 
mal. 


nr)r-  '  Api)ears 
mal. 


nor- 
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Table  No.  4. — Skwping pathologic  txanmary  in 


Abdominal 
cavity. 


DiaphraRm  __. 


Spleen 


Liver 


Pancreas. 


Appendix. 


Stomach 


Small     inteK- 
tine. 


Large     intes- 
tine. 


I. 


All  tiasuee  matted  to- 
gether and  namerous 
bluiah  Paragonvmu» 
cysts  everywhere. 
Ttiese  are  most  nume- 
rous at  various  points  of 
adhesions,  as  betwcH^n 
omentum  and  intestine 
or  abdominal  wall. 


In  general  very  similar  to 
small  intestine  and  in 
addition  shows  annebic 
ulceration  of  the  mu- 
cosa throughout. 


IL 


lU. 


On  the  left  side  much 
thiclcened  and  adher- 
ent above  and  below; 
contains  many  Aira- 
^rm/mNK  lesions  on  both 
surfaces. 

Some  perisplenitis  with  I 
Paragonimut  lesions  st  < 
points     of     adhesion. 
Moderate  increase   of 
soft  splenic  pulp. 

Adherent  to  abdominal 
wall,  diaphragm,  intes- 
tine and  omentum. 
Bluish  Paroffftnimtis 
lesions  at  pointe  of  ad- 
hesion. Multiple  ab- 
scesses ver>'  small, 
many  of  which  contain 
both  amcebse  and  fVirci- 
gon  im  its  eggs.  Nothi  ng 
abnormal  In  gall  blad- 
der or  ducts. 

A  few  small,  bluish  cys- 
tic abscesses  near  the 
head,  mostly  peri  pan- 
creatic, but  some 
invading  the  paren- 
chyma of  the  orgn&n. 

Bound  in  a  mass  of  adhe- 
sions with  several  typ- 
ical  lesicms  involving 
the  mesoappeimix, 
walls  and  mucous  mem- 
brane of  the  organ. 

Not  involved  except  in 
adhesions  on  the  serous 
surface. 

Severely  involve<l  in  it*< 
entire  length.  Typical 
cystic  abscesses  invad- 
ing all  its  cr>ats  and 
ulceration  of  the  mu- 
cosa. 


A  mass  of  adhedons  and 
dark,  bluish  cystic  ab- 
scesses from  0.001  to 
0.02D  in  diameter. 
Omentum  thickened 
and  simply  studded 
with  Parn(f(mimu»  le- 
sions. The  pelvic  cav- 
itv  so  massed  with 
adhesions  and  absces- 
ses that  contents  can 
only  be  removed  with 
the  knife. 

Ver>'  much  thickened 
and  contains  abscesses 
on  the  left  side.  Both 
surfaces  studded  with 
small,  bluish  cystic  ab- 

Knlarged  and  soft,  con- 
tains both  on  the 
surface  and  in  the  par- 
enchyma many  bluish 
cystic  abscesses  con- 
taining ova. 

Enlarged  and  rather  soft, 
marked  perihepatitis. 
G  1  i  N  s  o  n  '  s  capsule 
increased  and  contains 
a  few  small  abscesses. 
Numerous  subcapsular 
abscesses.  Gall  blad- 
der wall  thickened  and 
pale,  surrounded  and 
infiltrated  with  ab-  j 
scesses  and  one  parasite 
found  in  common  duct. 

(Contains  a  number  of 
small  abscesses  and  is 
hemorragic  for  0.05  on 
its  splenic  end. 


Walls  and  mesoappendix 
contain  abscesses  but 
mucosa  intact  except 
around  the  opening  in 
the  csecum  where  there 
are  several  abscesses. 

Not  involved  except  by 
adhesions  on  the  serous  ' 
surface. 

I  n  V  o  1  ved  throughout. 
The  walls  c  o  n  t  ai  n 
many  abscesses  some  of 
which  protrude  into 
the  lumen  of  the  bowel 
and  others  have  broken 
down  leaving  ragged 
ulcers  of  the  mucosa. 
There  are  a  number  of 
adhesive  bands  partly 
occluding  the  lumen. 

Walls  much  thickened  , 
and  cont^iin  many  cys- 
tic absces.ses,  some  of 
which  protrude  into 
the  lumen  of  the  bowel. 
There  is  no  ulceration 
of  the  mucosa. 


Similar  to  Gaaes  I  and  II.. 


Similar  to  Case  II. 


Marked  periaplenitia;  or- 
gan hard  and  Uoodless. 
Numerous  sabcapauJar 
abecesatK;  deeperstmc- 
ture  free  from  lesions. 

Chronic  perihepatitia. 
Some  increase  of  con- 
nective tissue  with  ova 
in  places  but  no  ab- 
scesses in  deeper  por- 
tions of  organ.  Namer- 
ous sub^psular  ab- 
sceses  containing  eggs. 
Gall  bladder  and 
ducts  appear  normal 
and  are  free  from  para- 
sites or  eggs. 

Appears  normal 


Walls  and  mesoappendix 
contain  noclules  and 
abscesses  and  mucosa 
ulcerated  with  ova  in 
the  scrapings. 

Appears  normal 


Upper  two-thirds  appears 
normal;  lower  one- 
third  similar  to  large 
intestine. 


Walls  thickened  and 
hard,  dull,  slate  color, 
and  contain  many  hard 
nodules  and  a  few 
cystic  abscesses.  Mu- 
cosa ulcerated  through- 
out. The  ulcers  are 
punched  out  and  sur- 
rounded by  zones  of 
congestion.  The  con- 
tents dark  in  color  and 
contain  ova.  In  one  an 
adult  parasite  was 
found. 
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eight  fatal  canet  of  paraganimwt  infection — Continued. 


V. 


VI. 


Free  from  adhesions  ex-     Extensive  Par-  '■  Adhesions 


VII. 


cept  around  the  duo- 
denum where  there  is  a 
mass  of  old  adhesions 
covering  a  pjost-peri- 
tonial  Parnaonimua  ab- 
scess leading  down 
behind  the  left  Icidncy. 


Moderate  thickening  of 
the  left  side  and  a  few 
cystic  abscesses  on  the 
surfaces. 


Appears  normal 


Moderately  cirrhotic. 
Gall  bladder  and  ducts 
appear  normal. 


Appears  normal 


Appears  normal 


Appears  normal 


I 


Appears  nonnal  except 
duodenum  which  Im 
bound  down  with  adhe- 
sions. 


Appears  normal  externally 


a  (J  o  n  I  m  n  It 
infection  sim- 
ilar to  ('ase  II. 


Extensive  Pnr- 
n  (f  o  n  I  in  ii  n 
infection  sim- 
ilar to  Cjvsc  II. 


Not  involved 


Moderately 
Arm  and  few 
subcapsular 
cystic  ab- 
scesses. 


andratherex- 
tensive  Far- 
agnnimuM  in- 
fection of 
omentum 
and  mesen- 
terv. 


Moderate  num- 
ber of  ab- 
.scesses  on  left 
side  on  both 
upper  and 
lower  sur- 
faces. 


Appears 
mal. 


nor- 


Moderatc  fatty 
degeneration. 
No  Paragon i- 
mua  lesions. 


Moderate  num- 
ber of  adhe- 
sions with 
rather  exten- 
sive Pamgon- 
imuH  lesions 
•  articularly 
m  omentum. 


f^ 


Two  bluish  cys- 
tic ttlxscesses 
on  under  sur- 
face left  side. 


Slightly 
larged 
soft. 


en- 
and 


I 


Appears      nor-     Appears      nor- 
mal, mal. 


Similar  to  Case 
III. 


Appears      nor- 
mal. 


Severe    Pa  ra- 

?onimuM  in- 
ection  of 
lower  one 
half. 


Appears      nor-     Appears      nor- 
mal. I      mal. 


VIII. 


T  u  berculosis. 
No  Parngon- 
i  mu8  les- 
ions   found. 


Par  agoiiimuff 
lesions  left 
up  per  sur- 
face. 


Tuberculosis. 


Appears      nor- 
mal. 


In  lower  por- 
tion a  small 
area  of  blu- 
ish cystic  ab- 
scesses in  wall. 


Rather  exten- 
sive infection 
similar  to 
Case  II. 


Healing  am«p- 
bic  ulcera- 
tion. 


Acute  catiirrh.-   Tuberculasis 


Pa  ragoninum 
infection 
th  roughout. 
Acute  dysen- 
teric lesi(ms 
in  lower  i. 


Pa  rag  imimux 
infection 
t  h  r  oughout, 
lesions  of 
acute  dysen- 
tery through- 
out. 


Tulx»rculosis. 
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Table  No.  4. — Slimmng  pathological  mmmury  in 


Kidneyn 



Bladder. 

Serotum 

P  r  08  t 
Kland. 

ate 

Cerebro     spi- 
nal canal. 

MlflcellaneouA 


I. 


Both  organs  large,  ftoft 
and  (edematous.  Ad- 
heKions  and  Pnmatrtii- 
mm  leKions  arcmnn  the 
kidneys.  Lt^ionM  un- 
der the  capsule  and  in 
pel  V  Ik  and  ureters. 
Adrenals  appear  nor- 
mal. 

Walls  contain  several 
cvstic  abscewies. 


Numerous  adhesions  and 
subcapsular  absceases. 
Adrenals  seem  normal. 


Epididymis  is  swollen 
and  ccmtain.s  typical 
legions  which  extend 
through  the  inguinal 
canal  to  lymphatics 
in  abdominal  cavity. 

Enlarged  and  on  secticm 
contains  several  cystic 
abscesses. 

Not  opened 


Wall  thickened  and  con- 
tains several  abscesses, 
srmie  extending  into 
the  lumen  of  the  organ. 
The  mucosa  intact. 

Epididymis  contains  sev- 
eral Nmall  alisccHses. 


Ova  or  parasites  found  in 
most  of  the  lesicms 
mentioned  but  in  some 
otherwise  typical  ones 
neither  eggs  nor  worms 
were  found.  Amteba' 
found  in  intestinal  ul- 
cers, liver,  abscesses,  in 
the  prostate  and  in 
some  of  the  lymphatic 
abscesses  in  the  abdo- 
men. 


Contains  a  few  small,  blu- 
ish, cystic  abscesses. 


Pale  and  soft;  two  small 
subcapsular  abcicesscs 
and  one  pelvic  abscess 
in  left  kidney.  Ad- 
renals seem  normal. 


Appears  normal 


Epididymis    contains 
few  small  abscesses. 


Contains  a  few  small  ab- 
scesses. 


Not  opened :  Not  opened 


Ova  and  para.sitcsin  most 
of  the  lesions  examined 
but  not  in  all.  This 
was  apparently  an 
acute  case  and  no  eti- 
ologic  agent  except  P. 
iretiUrmaiiH  was  found. 
Death  apparently 
entirely  <lue  to  the 
Huke  infection. 


Many  ova  found  exten- 
sively distributed.  One 
psoas  abscess  contained 
more  than  100  adult 
parasites. 
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eight  fatal  cases  of  jmragonimus  infection — Continued. 


IV. 


Appear  normal 


Appears  normal 


Appears  normal .. 


Appears  normal . . 


Membranes  of  brain  thick- 
ened and  adherent  in 
many  places  and  have 
many  cystic  abacesRee, 
containing  ova  in  the 
masses  of  adhesions. 
Choroid  plexus  coarse 
and  grranular,  slightly 
blnish  and  contains  ova. 
Noabacesses  in  the  brain 
substance. 

The  poat-peritoneal  ab- 
scess was  evidently  the 
oldest  lesion  in  this  case. 


V. 


Appear  normal. 


VI. 


Moderate     cir- 
rhosis. 


Appears      nor-     Appears      nor- 
mal, mal. 


Appears      nor-  ,  Appears      nor- 
mal. I      mal. 


One  small  cyst-     Appears 
ic  bluish  ab-        mal. 
scess. 

Nothing  abnor-     Not  opened, 
mal  found. 


nur- 


VII. 


Cloudy 


VIII. 


The  double  in- 
fection of  tu- 
berculosis 
and  P.  \cefirr- 
manii  is  the 
notable  fea- 
ture of  this 
case. 


The  interesting 
feature  of 
this  case  wa.s 
the  freedom 
from  infec- 
tion of  the 
lungs. 


The  interesting 
point  of  this 
case  is  the 
complete  ab- 
sence of  in- 
volvement of 
the  chest 
organs  by  the 
Parngimimiiif 
infection. 


Combined  tu- 
be r  c  u  loflis 
and  p  a  r  a- 
gonimiasis. 
The  fluke  in- 
fection con- 
fined to  the 
chest  o  r- 
gans. 
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C.  GB08S  LESIONS. 

Rather  liberal  abstracts  from  the  autopsy  protocols  in  my  eight  fatal 
eases  are  given  in  Chapter  V  of  this  report,  and  these  findings  are  epito- 
mized in  Table  No.  4. 

All  the  previously  described  lesions,  as  may  be  seen. from  a  study  of 
these  cases  and  of  the  literature  on  the  sul)jc»ct,  are  found  in  these  eight 
and  in  addition  new  distributions  and  pathological  processes  caused  by 
the  parasite  are  recordeil.  In  three  of  these  cases  the  distribution  is 
extensive  enough  to  justify  the  term  general  infection ;  in  two  it  is  so 
markedly  pre<lominant  in  the  lungs  that  thoracw  or  pulmonary  paragon- 
imiasis would  seem  a  proper  designation  in  these  instances;  in  one  case 
of  epilepsy  the  term  cerebral  paragonimiasis  would  more  clearly  indicate 
the  nature  and  most  active  location  of  the  processes.  Whatever  the  loca- 
tion or  distribution  of  the  lessions,  there  is  always  a  great  similarity 
between  them. 

These  Paragonimns  lessions  have  certain  characteristics  in  general, 
which  are  sufficient  to  make  it  possible  usually  to  identify  the  mature 
ones  even  without  finding  the  para^^ites  or  without  using  the  microscope. 
These  characteristics  are  the  color,  general  structure,  contents  and  the 
absence  of  evidence  of  active  inflammation. 

The  color  of  the  lesions  is  a  peculiar  dull,  bluish-slatt*,  without  evidence 
of  pigmentation,  and  it  seems  to  be  in  part  due  to  reflection  from  the 
contents  through  the  walls  of  the  cyst,  but  this  is  not  entirely  the  case 
for,  after  opening  and  cleaning  a  lesion,  some  of  this  color  remains  in 
the  wall. 

The  general  structure  of  the  mature  lesion  is  that  of  a  necrotic  abscess 
with  a  definite  and  more  or  less  dense  wall,  which  appears  to  be  made 
up  of  layers.  The  outer  surface  is  intimately  connected  with  the  sur- 
rounding tissues  and  the  inner  one  is  usually  a  smooth  appearing 
membrane,  but  it  may  give  evidence  of  being  granular. 

The  contents  vary  but  little.  In  addition  to  adult  i)arasites,  and  eggs 
which  may  or  may  not  be  present,  there  is  &.  material  resembling  anchovy 
sauce  filling  the  entire  cavity.  At  times  (probably  in  mixed  infections) 
the  contents  may  appear  more  like  ordinary  pus  and  again  it  may  be 
caseous  and  hardly  distinguishable  from  a  tubercidous  lesion.  It  must 
be  remembered  that  such  a  double  infection  may  be  present.  As  a  rule 
there  is  an  almost  complete  absence  of  the  usual  evidences  of  inflammar 
tion  in  or  around  these  lesions. 

Wliile  lesions  answering  to  the  description  given  above  are  charac- 
teristic, and  while  some  of  them  mav  l>e  found  in  everv  case  of  the  disease, 
there  are  several  im])ortant  exceptions.     Hiose  excepticms  are  so  prom- 


PAIUGONIMIASIS   IN   THE   PHILIPPINES.  47 

inont  that  for  convenience  in  discussion  I   will  somewhat  arbitrarily 
give  the  following  classification : 

(a)  The  non-suppurating  lesion. 

(b)  The  tubercle- like  lesion. 

(c)  The  suppurating    (abscess)    lesion. 
{d)  Ulcerative  lesion. 

Skin. 
Mucosa. 

Bronchial. 

Intestinal. 

(a)  The  non-suppurating  lesion  may  or  may  not  be  an  early  one.  It 
has  three  subtypes. 

1.  Those  found  on  serous  surfaces  such  as  tlie  phnirie  and,  less  fre- 
quently, the  pericardium  or  meninges.  'J'hcsc  lesions  arc  nearly  always 
located  at  some  point  of  adhesion  between  serous  surfaces  and  consist  in 
raised,  brownish-colored,  slightly  roughened  areas,  which  are  moderately 
firm  and  which  often  contain  ova.     (See  PI.  I.) 

2.  Those  found  in  the  loose  connective  tissue,  for  example  in  the 
subserous  tissues  of  the  intestine,  and  less  frequently  in  the  lung,  liver 
and  elsewhere.  They  consist  in  a  simple  infiltration  of  the  tissue  with 
eggs,  without  to  any  extent  alterating  the  normal  histological  picture 
(see  PI.  IX,  ^g.  1)  ;  sometimes  there  is  seem  moderate  inflammatory 
reaction  and  in  more  advanciMl  ones  some  increase  in  connective-tissue 
formation.  These  lesions  are  almost  certainly  early  ones  and  immedi- 
ately precede  the  ones  about  to  be  described. 

3.  Those  which  consist  in  a  simple  hyperplasia  of  connective  tissue, 
containing  ova.  They  are  sometimes  located  in  the  cirrhotic  liver  and 
more  often  in  the  submucous  and  subserous  coats  of  the  intestine,  and 
in  the  lung. 

4.  The  pneumonic  areas  often  encountered  in  the  lung.  Tliese  pneu- 
monic areas  closelv  resemble  similar  lesions  from  other  causes  and  mav 
or  may  not  contain  parasites  or  ova.  They  ]>ro])ably,  at  least  in  part, 
follow  lesions  of  tyj)es  2  and  '5. 

h,  TuhercuJe-Uke  lesions  most  often  an*  found  in  the  lung,  but 
occasionally  are  also  observed  in  other  organs. 

Miura  and  other  observers  describcnl  such  lesions  as  closely  resembling 
miliarv  tubercles,  but  I  have  not  found  such  cxc(HMlin<flv  small  and  defi- 
nite  ones  of  this  type.  However,  in  tlie  lungs  and  elsewhere  caseating 
nodules  are  encountered  which  arc  from  2  to  10  millimeters  in  diameter 
and  which  are  almost  or  quite  indistinguishable  from  similar  ones  of 
tuberculous  etiology. 

c.  The  siippuratitif/  lesions. — Tbese  are  of  two  kinds,  the  first  showing 
early  formation  of  abscesses,  which   in  appearance  resemble  ordinary 
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pyogenic  ones,  probably  followeil  at  times  by  the  second  kind  which  is 
characterized  by  the  development  of  a  cyst  wall.  However,  this  is  not 
the  universal  course  of  these  lesions,  for  sometimes,  particularly  in  the 
prostate  gland  and  in  the  lymjihatic  glands,  the  ordinary  type  of  abscess 
formation  is  more  nearly  maintained  during  the  course  of  the  infection 
and  the  cyst  wall,  with  the  bluish  coloration,  does  not  develop.  Again, 
we  find  the  more  cystic  type  of  development  shown  in  some  of  the 
smallest  and  earliest  lesions.  While  the  ordinary  lesions  which  appear 
like  abscesses  often  contain  ova,  their  presence  can  hardly  be  said  to  be 
characteristic  of  the  disease,  and  this  type  of  lesion  is  probably  due,  in 
part  at  least,  to  other  etiologic  influences.  The  bluish-slate  colored, 
cystic,  abscess-like  lesions  are  more  or  less  frequent  in  every  case.  They 
are  characteristic  of  the  disease  and  have  alreadv  been  described. 

d.  Ulcerative  lesions  are  found  both  in  the  skin  and  mucous  mem- 
branes. In  both  cases  they  are  the  result  of  })erforation  of  lesions  from 
the  lymphatics  and  other  underlying  structures  and  are  probably  never 
the  result  of  direct  infection  of  the  skin  or  mucosa.  They  are  somewhat 
distinctive,  of  a  slow  chronic  type  without  much  acute  inflammatory 
reaction.  Their  e<lges  are  often  of  a  bluish  color,  and  are  overhanging. 
Their  contents  is  of  a  granular  nature  and  the  opening  leads  to  the 
underlying  tissues.  The  skin  ulcers  most  often  are  found  in  regions  rich 
in  superficial  lymphatics  such  as  the  groin  or  axilla,  and  the  ulcers 
generally  communicate  with  infected  and  broken  down  glands.  In  one 
of  my  cases,  two  ulcers  in  the  groin  had  bc»en  diagnosed  and  treated  as 
"tropical  ulcer."  Microscopic  examination  of  the  contents  of  the  lesions 
at  autopsy  showed  the  eggs  of  the  fluke  under  discussion. 

The  ulcers  of  the  mucous  membrane  are  most  often  seen  in  the 
bronchi  and  in  the  intestine,  less  frequently  in  the  bile  ducts.  When 
they  are  in  the  bronchial  tubes  they  usually  communicate  with  bron- 
chiectatic  abscesses  and  the  primary  lesion  is  in  the  deeper  structures, 
as  has  alreadv  been  described. 

In  the  intestine,  also,  the  primary  lesion  is  in  the  deeper  layers,  and 
the  breaking  down  of  the  mucous  membrane  with  ulcer  fonnation  is  a 
secondary  result.  I  have  not  often  l)een  able  to  find  eggs  in  the  mucosa, 
but  the  dcH)pcr  structures  concerned  in  the  ulcer  may  have  many  eggs 
and  sometimes  adult  parasites.  This  is  in  marked  contrast  to  the  Schis^ 
tosoma  infection,  where,  for  example,  the  mucous  membrane  suffers  most 
actively  and  the  eggs  are  numerous  in  this  part  of  the  Imwel. 

The  intestinal  ulcers  are  usually  of  irregular  shape  and  do  not  bear 
a  definite  relation  to  the  mesenteric  border  or  other  anatomical  struc- 
tures of  the  bowel.  In  well-advanced  cases  they  may  quite  closely  re- 
semble tul)crculous  or  amcebic  ulceration,  particularly  when  bismuth 
salts  have  been  administered  in  the  latter  cases  and  the  edges  of  the 
ulcers  have  been  darkened  by  impregnation  with  these  chemicals;  this 
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I  have  pointed  out  in  previous  ])apers  in  respect  to  tuberculosis  and 
amoebic  dysentery. 

Course  and  termination  of  the  lesion. — The  several  types  of  departure 
from  the  earliest  point  of  infection  have  been  described,  and  all  of  these 
may  be  found  in  a  case  of  extensive  infection  at  the  same  time.  The 
secondarily  infected,  or  mixed  lesions,  and  the  process  of  healing  which 
is  sometimes  seen  may  also  be  considered  here. 

Mixed  lesions. — These  probably  occur  quite  frequently  and  they  may 
be  of  several  kinds.  Tn  one  of  mv  cases  manv  of  the  abscesses  in  the 
liver  and  other  organs  contain  ama?ba^  and  Paraf/oninnis  and  in  two  others 
the  intestinal  lesions  were  of  this  double  infection.  Tn  addition  to  this, 
bacteria  have  been  found,  and  while  this  subject  has  not  been  sufficiently 
investigated,  it  is  probable  that  this  type  of  mixed  infection  is  of  great 
importance.  In  case  2,  which  ap])arently  ])ursued  a  very  rapid  course, 
numerous  bacteria. were  found  in  the  Pnragonimus  lesions  and  in  one  other 
the  abscesses  of  the  prostate  were  more  of  a  pyjemic  nature  than  they  were 
of  a  parasitic  type,  although  the  trematodes  and  the  bacteria  were  present. 
It  would  seem  that  what  at  first  appeared  to  be  a  single  infection  and 
which  seemed  to  establish  for  the  parasites  the  capability  of  inaugurating 
an  acute  process,  probably  constituted  in  reality  a  double  one,  and  that 
the  evidences  of  the  more  acute  inflammatory  changes  were  due  to  the 
bacteria  present. 

Healing  to  the  extent  of  complete  disappearance  of  all  evidence  of  the 
former  infection  probably  does  not  take  place,  but  by  encapsulation  and 
other  connective-tissue  hyperplasia  the  lesions  may  become  inactive  so 
as  to  produce  no  further  disturbance.  I  have  several  times  seen  areas  of 
old,  bluish  scar  tissue  which,  from  the  amount  of  contraction  present, 
probably  resulted  from  what  formerly  constituted  rather  extensive, 
Paragonimus  lesions. 

n.    SPECIAL   GROSS    PATIIOLOOV. 

It  seems  advisable  at  this  ])<)int,  after  discussing  the  general  ])atho- 
logical  anatomy  and  the  lesions  of  this  infection,  to  introduce  a  brief 
explanatorv  resume  of  the  pathological  findings  which  are  shown  in 
Table  No.  4. 

The  conjunctivitis  noted  in  2  of  tlic  8  cases  was  probably  not  due  to  the 
fluke  infection.  In  one  of  these,  a  careful  microscopic  examination  was  not 
made  and  in  the  other  such  examination  did  not  show  ova.  Similar  types  of 
severe  conjunctivitis,  larjijely  of  the  Koch- Weeks  variety,  are  of  very  frequent 
occurrence  among  the  prisoners  from  which  much  this  material  was  obtained. 

Skin  lesionSy  consisting  of  \ilceration,  were  j)resent  in  2  out  of  0  of  the  fatal 
cases.  These  ulcers  in  each  instance  communicated  with  diseased  lymphatics 
and  their  characteristics  have  already  been  given. 

Lymphatics. — Both  the  subcutaneous  and  deeper  lymphatic  glands  suffered 
in  at  least  5  out  of  7  of  the  8  fatal  cases.  Their  involvement  is  much  more 
extensive  and  important  than  is  indicated  in  the  literature  of  the  subject.     In 
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one  case  (PI.  2^  ii^.  2)  an  adult  parasite  wan  found  in  an  abdominal  gland. 
All  tyjiCH  of  lesions  are  observed  in  tlie  glands  and  in  some,  where  there  are 
no  distinctive  abnormal  f(»atnre8,  ova  may  (x?easionally  be  found.  The  h-mphatic 
disturbance  is  usually  so  extensive  as  strongly  to  point  to  the  lymphatic  system 
as  the  distributing  agent  of  the  disease  in  the  iKKly. 

Muscles. — Adult  P.  irefttcrtnanii  were  found  in  the  pectoralis  major  muscles 
in  2  of  the  8  cases  and  in  3  the  psoas  or  other  muscles  contained  abscesses. 

Pleurcp. — ^The  pleurie  were  infected  in  7  of  the  8  cases,  and  in  most  of  them 
the  infection  was  rather  severe  and  extensive.  Both  hydrothorax  and  extensive 
obliterative  pleuritis  were  encountered. 

Lungs. — ^The  lungs  were  absolutely  fn*e  from  ParnyonimuH  infection  in  one 
of  the  8  cases  and  in  1  it  was  confined  to  the  lungs  and  pleunr,  and  in  still 
another  the  pleunr  was  involved  without  invasion  of  the  lungs.  Tlie  lung 
lesions,  consisting  of  pneumonic  areas,  abscess  formation,  infiltration  of  tissue, 
and   bronchiectatic   cavities,   liave   already   lx»en   descril)ed. 

Pericardium. — Pericarditis,  with  eggs  of  the  Paraffonimus  in  the  pericardium 
was  present  in  4  of  the  8  cases. 

Heart. — Brown,  coarse  and  friable  muscle  was  present*  3  times  and  Para- 
gonimus  involvement  extending  a  short  distance  l)eneath  the  epicardium  was 
encountered  in  the  same  cases. 

Abdominal  caviti/. — The  tissues  and  organs  of  the  abdominal  cavity  usually 
suffer  severely  in  this  disease. 

Tlie  omentum  was  involved  in  fi  of  the  8  cases  and  in  most  of  these  the 
distribution  of  the  lesions  was  extensive. 

Chronic  peritonitis,  consisting  of  adhesions  lH»tween  adherent  adjacent  organs, 
was  usually  a  marked  feature.  The  serous  ctipsules  covering  the  various  organs 
also  seemed  to  .suffer  extensively. 

Diaphragm. — This  organ  was  more  or  less  involved  in  everj'  case  and  in 
some  it  was  fairly  studded  with  lesions.  In  one  instance  only  the  pleural  surface 
on  the  left  side  was  involved  and  in  another  onlv  the  abdominal  surface  showed 
lesions. 

Spleen. — Paragonimus  lesions  were  scattered  throughout  the  organ  in  one 
case;  the  capsule  was  similarly  involved  in  two  more  and  in  one  there  was 
tuberculosis  of  the  organ. 

Liver. — There  were  changes  for  which  the  Paragonimus  infection  was  at  least 
partially  responsible  in  0  of  the  8  cases.  The  most  general  disturbance  was 
perihepatitis,  with  abscesses  just  beneath  the  capsule.  In  one,  there  were 
multiple  ab.scesses  containing  both  amcrbje  and  ova  of  /*.  K^siermanii.  There 
were  abscesses  containing  eggs  in  (Jlisson's  capsule  in  one  other  case  and  in 
2  more  there  was  some  cirrhosis  with  (»ggs  in  the  hyperplastic  connective  tissue. 

Pancreas. — In  2  cases  there  were  Paragonimu.s  abscess  lesions  in  the  pancreas. 

Appendix. — There  were  parasitic  lesions  of  the  appendix  in  4  cases.  The 
meso-appendix  suffereil  most,  but  in  3  the  entire  organ  was  affecte<l  and  in  2 
there  was  ulceration  of  the  mucosa. 

Stomach.  -This  organ  was  not  involved  in  any  instance  with  the  exception  of  a 
few  ahesions  on  the  serous  surfaces  in  2  cases. 

Snuili  intestine. — There  was  infection  of  this  organ  in  G  of  the  8  cases. 
In  3  the  infection  was  severe  and  extended  the  f\ill  length  of  the  gut.  In  1 
only  the  du(Klenum  was  conci»rn«'d  an<l  in  3  others  only  the  lower  portion  was 
affected. 

Large  intestine. — This  organ  was  affeet<Ml  in  5  of  the  8  C4ises.  Tul>ercu]o8i8 
was  present  in  one  instance.  Anuebic  and  Panigoninnis  ulceration  existed 
together  in  case  1  and  there  were  anuebic  lesions  alone  in  another. 
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Kidneys.^-The  kidneys  were  inchided  in  the  infection  three  times;  the 
lesions  were  mostly  closely  connected  with  the  capsule,  but  in.  2  there  were 
abscesses  of  the  pelvis  and  in  1  the  ureters  were  included  in  the  affection.      « 

Urinary  bladder. — This  organ  had  Paragonimus  abscesses  in  the  walls  in 
2  cases. 

Scrotum. — The  epididymis  contained  parasitic  lesions  in  3  instances;  in  1 
the  infection  extendetl  through  the  inguinal  canal  to  tlie  abdominal  lymphatics. 

Prostate  gland. — ^The  prostate  was  involved  four  times.  The  lesions  were  of 
the  abscess  type  and  contained  ova. 

Brain  and  spinal  cord. — These  organs  were  only  examined  twice.  In  one 
instance  there  were  Paragonimus  lesions  of  the  membranes  of  the  brain,  and 
^ggs  were  found  in  the  choroid  plexus. 

E.    HISTOLOGY. 

The  literature  lK>aring  upon  the  microscopic  study  of  the  disease 
principally  consists  in  the  descrij)tion  of  two  types  of  lesion — the  tubercle 
and  the  bluish-colored  necrotic  abscess. 

The  older  literature  is  well  summarized  l)y  Stiles  and  Hassall;  since 
that  summary  was  compiled,  some  original  observations  have  been  made, 
particularly  by  Katsurada.  I^ooss  has  rwcntly  given  another  brief  sum- 
mary in  Mense's  handbook. 

I  shall  discuss  the  lesions  under  the  same  cla.ssi ilea t ion  as  that  already 
used  in  describing  the  gross  j)athologA\  Thin-  have  certain  points  in 
common.  In  all  the  strictly  ])arasitic  types  of  inf(»ction  there  is  the 
evidence  of  a  slowly  developing,  low  grade  of  chronic  inflammai;ion,  with 
constant  effort  at  repair  which  is  chiefly  manifested  in  the  extensive 
proliferation  of  the  connective- tissue  framework,  the  new  tissue  being 
deposited  about  the  original  lesion,  gradually  encapsulating  it  or  in 
some  other  manner  tending  to  prevent  its  further  spread. 

This  is  made  most  manifest  in  the  fully  developed  cystic  abscess 
lesion,  where  the  limiting  wall  is  often  very  firm  and  thick.  In  other 
types  it  is  less  evident  and  in  some  of  the  very  early  infiltrations  of  the 
loose  connective  tissue  with  eggs  it  is  entirely  absent. 

Eggs  or  parasites  are  by  no  means  constantly  ])resent  in  any  variety  of 
the  lesions.  In  the  earlier  forms  the  diagnosis  can  only  be  made  by  dis- 
covering the  presence  of  these  bodies,  for  there  is  nothing  else  charac- 
teristic about  the  lesions.  The  older  onc^  and  |)articularly  those  of  the 
abscess  variety  take  on  characteristics  which  should  be  diagnostic  even 
in  the  absence  of  eggs  or  parasites.  Again,  the  greatest  variation  often 
exists  in  the  number  of  eggs  or  parasites  in  a  given  lesion,  sometimes 
the  eggs  are  very  numerous,  and  on  the  other  hand,  in  an  otherwise 
exactly  similar  lesion  they  may  be  very  scarce.  Parasites  when  present 
may  range  from  one  to  many.  More  than  100  adult  parasites  were  found 
in  a  psoas  abscess. 

The  nonsuppurative  lesions  are  of  several  types;  however,  some  of 
these  are  but  later  stages  of  others,  but  there  are  certain  ones  which 
differ  in  fonnation  as  well  as  in  their  entire  course. 
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The  loose  connective  tissues,  particularly  in  the  subserous  coat  of  the 
lK)wel,  and  less  frequently  elsewhere,  may  sometimes  be  found  infiltrated 
with  eggs  without  any  decided  change  in  the  histology  of  the  tissues 
themselves  (PL  X,  fig.  1)  ;  however,  in  a  later  phase  of  this  condition 
two  changes  begin  to  take  place — a  proliferation  of  connective  tissue  and 
beginning  round  cell  infiltration.  As  the  connective  tissue  wall  developes 
in  quantity,  eggs  may  be  surrounded  by  it,  the  proliferate<l  cells  increase 
in  numbers  and  eventually  the  next  stage  is  recognized — cirrhosis — or 
the  lesion  begins  to  break  down  and  an  abscess  is  formed.  The  early 
changes  above  referre<l  to  are  rarely  seen  in  the  liver,  but  the  second 
stage,  with  moderate  cirrhosis  by  increase,  particularly  in  the  larger 
bands  of  Glisson's  capsule,  was  present  in  one  of  my  cases.  After  an 
examination  of  many  specimens  I  have  found  a  few  eggs  ii\  apparently 
nonprolif crating  tissue  of  the  liver. 

The  histology  of  broncho-pneumonia,  another  nonsuppurative  type 
of  lesion,  does  not  differ  materially  from  similar  lesions  due  to  other 
etiology.  The  exact  methml  of  formation  is  difficult  to  explain,  but 
inasmuch  as  the  two  first  stages  of  infiltration  mentioned  above  are  also 
seen  in  the  lung,  and  bearing  in  mind  the  part  played  by  the  l\Tnphatics 
in  the  distribution  of  the  o^gf^,  it  would  seem  that  the  pneumonic  areas, 
at  least  in  part,  may  follow  some  of  the  other  lesions. 

Pneumonic  areas  sometimes  become  converted  into  the  abscess  type. 
The  amount  of  embolism  and  thrombosis  in  this  disease  is  exceedingly 
small.  Tjcsions  of  the  serous  surfaces  may  be  of  the  ordinary  type,  but 
often  thev  have  certain  distinctions.  Thev  are  most  numerous  about  old 
adhesions,  which  may  or  may  not  be  of  Paragonimm  origin.  The  adher- 
ent surfaces  when  separated  are  rough,  raised,  often  of  a  brownish  color, 
and  contain  eggs:  sometimes  these  lesions  break  down  and  abscesses  are 
formed.  The  histologic  picture  in  these  types  shows  a  fibrosis,  with  very 
moderate  round  cell  infiltration.  Here,  as  in  the  other  types  discussed 
above,  there  is  sometimes,  but  not  often,  a  marked  eosinophilia  present. 

Tubercle-like  lesions,  particularly  those  very  much  like  miliary 
tubercles,  have  Ikh3u  mentioned  bv  several  writers.  Miura  states  that  thev 
correspcmd  histologically  with  Yirchow's  "fibrous  tubercles,"  the  centers 
containing  Qg^^^  and  often  giant  cells.  These  lesions  have  been  consid- 
ered the  primary  ones  and  all  others  the  result  of  coalescence  and 
changes  in  the  tubercles. 

Although  lesions  closely  rescMiibling  more  advanced  tuberculosis  are 
often  encountered  in  these  cases.  I  have  not  seen  the  type  of  miliary 
tubercle  except  in  one  case,  and  here  the  lesions  were  of  true  tuberculons 
origin.  To  judge  from  the  descriptions  of  some  of  the  casis  in  litera- 
ture, it  would  seem  that  mixed  infections  such  as  were  present  in  this  case 
had  been  described.  As  has  already  been  stated,  eggs  and  tubercle  bacilli 
have  been  found  together  in  more  advanced  types  of  lesions  and,  as  is 
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true  in  some  other  parasitic  diseases,  the  infection  seems  to  become  more 
active  in  an  already  established  lesion,  let  \is  say  of  tuberculous  origin. 

The  abscesses  are  the  characteristic  lesions  and  they  have  been  de- 
scribed in  almost  every  article  dealing  with  the  disease.  In  brief  they  con- 
sist of  three  zones,  the  central  one  made  up  of  necrotic  tissue,  degenerated 
cells  and  often  of  eggs  or  fragments  of  eggs;  the  middle  coat  consists  of 
a  more  or  less  thick  and  dense  ril)rous  capsule,  formed  of  proliferated 
connective  tissue,  infiltrated  to  a  moderate  dcgnM.^  with  round  cells  and 
sometimes  with  eggs.  Its  inner  wall  may  be  smooth  and  lined  with 
epithelial  cells,  but  it  is  often  granular.  The  outer  zone  is  one  of 
moderate  congestion,  with  proliferation  of  Idood  vessels  and  it  is  contin- 
uous with  the  surrounding  tissues. 

However,  there  is  another  type  of  abscess  encountered  most  often  in 
organs  such  as  the  prostate,  epididymis,  and  the  lymphatic  glands,  which 
histologically  as  well  as  in  gross  appearance  more  closely  resembles  an 
ordinary  pyogenic  abscess,  and  were  it  not  for  the  presence  of  eggs  or 
parasites  such  would  surely  be  the  diagnosis  in  many  of  these  cases. 

Ulcerative  lesions  are  formed  by  the  breaking  through  the  mucosa  or 
skin  of  any  of  the  types  already  discussed,  as  a  residt  of  pressure,  necrosis, 
thrombosis,  or  otherwise.  1'his  most  often  happens  when  the  underlying 
lesion  is  an  abscess,  but  it  may  take  place  with  other  types.  In  the 
intestine,  the  striking  fact  about  these  lesions  is  the  usual  absence  of 
eggs  or  parasites  in  the  mucosa,  whereas  the  submucosa  and  deeper 
structures  often  contain  them  in  large  numbers  and  discharge  them 
through  the  opening  into  the  lumen  of  the  bowel.  This  relative  im- 
munity of  the  nmcous  membranes  to  Paragonimvs  infection  has  already 
been  mentioned,  and  it  is  in  striking  contrast  to  that  with  Schistosoma 
for  example,  where  the  nmcosa  is  often  infiltratiMl  with  eggs. 

In  the  lungs  this  ulcerative  process  ig  probably  the  mode  of  formation 
of  the  bronchiectatic  cavities.  This  is  more  probable  than  the  belief 
that  they  result  from  a  direct  attack  on  the  mucosa,  or  that  they  follow 
occlusion  of  a  bronchus.  In  either  case,  the  bronchial  wall  c^n  and 
sometimes  docs  take  part  in  the  formation  of  the  absct^s  wall,  but  this, 
as  has  been  emphasized  by  some  writers,  is  not  the  rule.  A  moderate 
peribronchitis  of  quite  general  distribution  in  the  snuiUer  tubes  is  quite 
common  in  extensive  lung  involvement,  but  is  more  the  result  of  the 
chronic  bronchitis  than  of  a  direct  influence  bv  P.  ircstcrmanii. 

In  the  intestine,  just  as  in  the  lung,  the  (lee|)er  structures  and  coats 
seem  to  be  primarily  involvcMJ,  and  the  infixtion  s])rea(ls  through  the 
subperitoneal  muscular  and  submucous  coats,  often  finding  an  outlet  by 
ulceration  of  the  mucosa.  Frc(|ucntly,  however,  ulceration  does  not  take 
place  even  when  tumors  of  the  mucosa  are  ])ushed  into  the  lumen  of  the 
bowel.  Sections  of  one  of  this  variety  of  lesion  show  a  thickening  of 
the  connective- tissue  layers,   with    proliferati(m   of  the   fixtnl   cells  and 
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sometimes  a  marketl  e()sim)philia.  Mixeil  infection  in  any  t}'pe  of  lesion 
may  alter  its  histology  very  much,  this  alteration  depending  upon  the 
nature  of  the  secondary  invader. 

VIII.    SYMPTOMATOLOGY. 
A.   GENERAL    UESCRIPTION. 

The  clinical  observations  upon  this  disease  have  been  largely  confined ' 
to  the  symptoms  of  the  puhnonary  and  cerebral  types  of  the  infection, 
and  for  these  a  summary  of  the  literature  gives  a  satisfactory  picture 
of  the  disease  as  I  have  seen  it.  However,  a  study  of  the  material  upon 
which  this  report  is  based  shows  the  disease  to  be  much  more  generally 
distributed  in  the  body  than  formerly  it  has  been  recognized  to  be,  and 
therefore  it  necessitates  a  more  comprehensive  clinical  picture  than  any 
which  has  previously  been  given.  However,  before  taking  up  a  con- 
sideration of  these  special  typc^  more  in  detail,  it  is  necessary  to  discuss 
the  general  type  of  the  disease  in  regard  to  its  acuteness.  Heretofore, 
it  has  been  considercnl  as  being  almost  wholly  a  chronic  infection,  but 
some  of  my  cases  have  shown  a  most  acute  and  rapid  course. 

Acute  and  chronic  processes. — It  is  probably  a  fact  that  the  true 
and  uncomplicated  Paragonimu.s  disease  is  always  a  chronic  one,  and 
that  the  more  acute  processes  are  the  result  of  some  concomitant  infec- 
tion or  complication.  Tliis  has  already  been  pointed  out  as  probably 
accounting  for  the  ra])id  course  of  some  of  my  cases  and  it  is  a  condition 
which  needs  more  study  based  upon  a  larger  material.  However,  it  is 
a  fact  that  we  must  consider  from  a  clinical  standpoint  at  least  some  of 
these  cases  as  acute,  and  while  this  condition  obviouslv  would  be  more 
likely  to  occur  in  a  general  infection,  it  surely  may  take  place  and  in- 
fluence the  course  and  termination  in  soim?  of  the  more  restricted  types. 

B.   CLINICAL    TYPES. 

After  a  careful  studv  of  the  literature  and  of  mv  own  material,  as 
well  as  I  have  had  op])ortuiiity  to  do  so,  it  seems  advisable  to  consider 
the  symptomatology  under  the  following  arbitrary  cliniral  classification: 

(a)  Generalized  paragonimiaHis. 

{h)  Tlioracic  paragonimiasis. 

(r)  Abdominal   paragonimiasis. 

{(J)  Cerebral  paragtmimiasis. 

(a)  Genei^vlized  paragonimiasis. — A  full  consideration  of  the  gen- 
eral infection  would  produce  a  composite  picture  of  the  other  more  local 
varieties,  which  I  have  already  given  in  the  classiticaticm  and  therefore, 
in  order  to  avoid  repetition,  only  those  points  in  the  clinical  symptoms 
which  are  not  directlv  covered  in  the  discussion  of  the  other  clinical 
types  will  l>e  noticed  here.  Some  of  the  most  interesting  of  these  symp- 
toms are  produced  by  involvement  of  the  superficial  lymphatics  and  the 
skin.     Enlarged  lym])h  glands  are  cpiite  common  among  the  people  of 
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this  country,  and  cases  of  so-called  ^'glandular  fever'^  and  of  "climatic 
bubo''  are  not  uncommon;  some  of  these,  as  well  as  certain  of  the  so- 
called  "tropical  ulcers/'  may  have  their  etiology  in  trematode  infections. 
The  symptoms  produced  by  glands  infected  with  trematodes  are  not  dif- 
ferent from  those  of  similar  lc»sions  of  other  etiology^  and  an  exploratory 
incision  may  or  may  not  reveal  the  presence  of  oggt^. 

The  skin  ulcerations  have  nothing  characteristic.  They  are  probably 
secondary  to  the  infected  lymphatiOs  beneath.  1  found  eggs  in  the  con- 
tents of  the  ulcers  in  two  of  my  cases,  and  the  older  and  more  advanced 
ulcers  have  a  slate-colored,  overhanging  margin.  The  lack  of  evidence 
of  acute  inflammation  about  such  ulcers  is  important. 

One  of  my  fatal  cases,  while  in  the  hospital,  complained  of  muscular 
rheumatic  pains,  and  similar  symptoms  have  been  pointed  out  by  other 
WTiters;  this  is  at  least  partially  explained  by  the  distribution  of  the 
lesions,  parasites  and  eggs  in  the  muscular  tissue. 

Fever,  which  has  not  previously  been  considered  an  important  symp- 
tom in  these  cases,  was  high  in  4  out  of  1)  of  mine  and  it  probably  will 
Ije  found  to  be  a  somewhat  constant  symptom  in  extensive  infections 
and  in  mixed  ones  which  run  a  rapid  course. 

(b)  Thoracic  or  ruLiioxAUY  par^vgonimiasis. — According  to  the 
literature  this  is  by  far  the  most  frequent  type  of  the  disease  and  loca- 
tions of  the  infection  other  than  in  the  thoracic  cavitv  are  considered  to 
be  secondary  to  this  primary  focus. 

In  two  of  my  fatal  cases  and  in  two  more  of  the  clinical  ones,  the 
lungs  were  not  involveil  and  in  several  others  the  older  and  more  severe 
lesions  were  surely  present  in  the  other  organs.  The  pleurae,  diaphragm 
and  other  chest  structures  are  so  commonly,  indeed  almost  constantly, 
involved  with  the  lungs  that  thoracic  paragonimiasis  seems  to  be  the  more 
satisfactorv  term  for  this  class  of  infection. 

The  most  prominent  symptoms  ascribed  to  this  type  comprise:  Pains 
in  the  chest;  cough  with  occasional  small  haemorrhages,  the  sputum 
containing  eggs  and  according  to  Taylor  and  others  sometimes  an  adult 
parasite.  The  physical  signs  are  usually  considered  as  In'ing  slight. 
Cough  is  a  ]>romincnt  symptom  in  most  of  tlu^e  cases,  but  in  one  of 
mine  it  was  so  slight  as  to  attract  but  little  notice.  The  nature  of  the 
cough  is  as  variable  as  that  ol)served  in  tulxTculosis,  and  the  character 
and  appearance  of  the  s|)utum  has  an  e(jually  wide  divergence:  both 
depending  largely  uj)oii  the  stage  or  nature  of  the  underlying  patho- 
logical change  and  the  amount  of  lung  tissue  involviMl,  together  with 
the  condition  of  the  pleura»  and  heart  membranes,  this  condition  de])end- 
ing  upon  the  presence  or  absence  of  fluid,  adlusions,  etc.  I  have  also 
convinced  myself  that  the  finding  of  eggs  in  the  s|)utum  in  the  average 
case  requires  more  tinu*  and  can^  than  is  usually  su])pos(Ml  to  be  the  case. 
Indeed,  in  one  instance  eggt^  were  not  found  after  several  careful  (ex- 
aminations made  for  this  s])eciflc  pur]K)se,  and  yet  at  autopsy  the  lungs 
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and  pleurae  were  found  to  be  involve<l.  The  number  of  eggs  in  the 
sputum  depends  upon  the  extent  and  particularly  upon  the  character 
of  the  lesions.  Just  as  is  the  case  in  tulxerculosis,  it  is  obvious  that 
more  of  the  eggs  will  l>e  discharged  from  bronchiectatic  cavities  than 
from  the  equally  important  pneumonic  areas.  With  this  in  view  it 
seems  hardly  likely  that  early  diagnosc»s  are  probable  in  this  disease, 
and  the  need  of  repeated  and  careful  search  for  eggs  in  the  sputum  of 
suspected  cases  is  also  emphasized.  Haemoptysis  has  not  been  a  constant 
symptom  in  my  cases,  at  least  while  they  were  under  observation,  but  in 
one  instance  it  was  repeated  and  quite  severe.  In  a  country  where 
tuberculosis  is  so  very  general,  hjemoptysis  would  call  attention  to  the 
disease  under  discussion  only  in  the  absence  of  other  tubercular  symp- 
toms. Charcot-Ijcyden  crystals  are  at  times  quite  numerous  in  the 
sputum  or  again  may  not  be  observed  at  all.  Other  types  of  crystals, 
such  as  those  of  creatinin  are  also  sometimt^s  present.  AVhen  the  pleu- 
rae are  extensively  involved,  with  but  slight  or  no  extension  of  the  disease 
into  the  lungs,  the  chances  of  finding  eggs  in  the  sputum  will  be  ver}* 
small  and  the  diagnosis  will  then  have  to  be  made  largely  from  physical 
signs.  The  fluid  from  a  Paragoninuis  empyema  contains  very  few  eggs 
and  therefore,  when  this  is  the  case,  aspiration  of  the  pleural  cavities 
would  often  fail  in  furnishing  a  diagnosis. 

In  two  cases  under  my  observation  which  had  pericarditis,  the  mani- 
festations were  similar  to  those  encountered  where  this  disease  is  of  other 
etiology. 

The  physical  signs  in  thoracic  paragonimiasis  have  a  greater  importance 
than  is  usually  a8cribe<l  to  them.  Bronchopneumonia,  empyema,  hydro- 
thorax,  etc.,  due  to  this  infc^ction  show  the  same  accurate  physical  signs  as 
they  do  in  the  similar  conditions  produced  by  other  causes.  In  one  clin- 
ical case  the  presence  of  an  empyema  with  pericarditis  led  to  a  careful 
examination  of  the  sputum,  and  this  determined  the  diagnosis.  It  must 
not  be  forgotten  that,  particularly  in  Manila,  tuberculosis  will  be  found 
iissociate<l  with  Paragonimus, 

(c)  Abdominal  paragonimiasis. — This  term  is  used  by  me  to  include 
the  infection  of  any  or  all  of  the  abdominal  organs. 

The  abdominal  infeeticm  is  usuallv  a  rather  extensive  one  and  will 
hardly  admit  of  a  positive  diagnosis  without  an  exj)loratory  operation 
or  the  finding  of  tlie  eggs  in  the  fa*ces.  ^^^^g^  are  probably  only  found 
in  the  fa^-os  in  the  pres<nice  of  ulcerative  lesions  in  the  bowel.  In  the 
several  cases  which  I  have  had  the  opportunity  of  studying  there  was 
abdominal  pain,  mostly  of  a  dull,  aching  character;  in  such  instances 
the  abdominal  walls  mav  bo  rather  hard  and  niav  show  some  tenderness 
cm  pressure.  In  areas  whore  the  iiifoction  is  endemic,  hypertrophy  of 
the  prostate,  cirrhosis  of  the  livor,  chronic  epididymitis  or  lymphadenitis 
of  doubtfid  etiology,  should  always  load  to  a  careful  study  in  which 
fluke  infections  are  taken  into  considoration.     If  there  is  ulceration  of 
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the  intestinal  mucosa,  the  oggB  may  bo  found  in  the  faeces  and  there  may 
or  may  not  be  diarrhoea.  This  fluke  may  possible  at  times  be  the 
etiologic  factor  in  chronic  appendicitis,  but  the  infwtitm  will  hardly  be 
found  confined  to  this  organ. 

(d)  Cerebral  paraoonimiasis. — This  important  type  of  paragonimus 
infection  was  first  recognized  by  Otoni  and  Inouyc  an<l  since  that  time 
has  received  considerable  discussion,  j)articularly  in  its  relation  to 
Jacksonian  epilepsy,  of  which  it  is  one  of  the  rauses.  Other  prominent 
nervous  symptoms  consist  in  various  forms  of  neuritis  and  even  paralyses 
have  been  observed  in  this  infection.  Unfortunately,  the  brain  and  cord 
were  removed  in  only  two  of  my  cases — in  one  because  epilepsy  was  a 
prominent  symptom  during  the  short  time  the  patient  was  under  ob- 
servation. 

C.    PARAGONIMIASIS    OF    THE    LOWKR    ANIMALS. 

P.  tvesiermanii  is  known  to  infect  the  tiger,  cat,  dog  and  hog,  but  as 
has  been  pointed  out  by  Stiles  and  Hassall,  very  little  is  known  of  the 
symptomatology  and  patholog}-  of  the  disease  in  these  animals.  Since 
the  discovery  about  one  year  ago  of  the  first  case  of  this  infection  in  man 
in  the  Philippine  Islands,  the  following  aninuds  have  been  carefully 
examined  for  fluke  infection: 

Thirty-two  cats  with  1  positive  result  for  P.  tcestermanii  and  in  17  others 
O.  felineus  was  encountered;  23  dogs  with  no  case  of  infection  with  P.  wester- 
manii;  10  rats  and  mice  with  no  case  of  fluke  infection  of  any  kind. 

Paragonimiasis  of  the  cat. — The  case  of  one  animal  in  which  this 
infection  was  encount(»red  in  the  Philippines  is  interesting.  The  animal 
was  purchased  from  a  native  and  was  placed  in  a  large  cage  with  several 
others  and  left  for  about  one  week.  When  received  it  was  rather  thin, 
but  otherwise  apparently  healthy.  At  the  end  of  a  wt^ek  it  was  brought 
to  me  by  the  animal  care-taker  in  a  dying  condition.  Emaciation  was 
marked,  food  was  refused,  there  was  diarrhoea  and  partial  paralysis  of 
the  hind  quarters.  The  animal  was  chloroformed  and  autopsy  perfornuHl 
at  once.  Paragonimus  lesions  with  og^i>  and  parasites  were  found  in  the 
lungs,  intestines  and  omentum.  The  lesions  were  not  extensive  and 
lH)th  these  and  the  parasites  were  apparently  identical  with  those  found 
in  man. 

IX.    DIAGNOSIS. 

A  direct,  |X)sitive  diagnosis  of  paragonimiasis  can  only  be  made  by 
the  finding  of  parasites  or  eggs.  Under  favorable  conditions  the  eggs 
may  he  encountere<l  in  the  sputum,  faeces,  scraping  from  ulcers,  and  in 
fluids  and  tissues  removed  by  operation. 

The  sputum  should  be  examined  as  a  cover-glass  preparation  of  a 
fresh  specimen  and,  in  suspected  cases,  the  examinations  should  be  fre- 
quently and  carefully  made  during  considerable  periods  of  ii*" 
eggs  are  easily  recognized  under  the  lower  powers  of  tlr 
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their  outlines  may  be  made  sharper  and  cleaxer  and  the  operculum  may 
be  rendered  more  distinct  by  adding  a  small  quantity  of  dilute  sulphuric 
acid  to  the  specimen,  or  by  running  a  drop  or  two  of  a  0.1  per  cent 
solution  under  the  cover  glass.  The  ordinary  munipulations  used  in  pre- 
paring a  specimen  of  sputum  for  examination  for  tubercle  bacilli  either 
destroy  the  eggs  or  reduce  them  to  an  unrecognizable  condition.  Once, 
in  examining  a  slide  for  tubercle  bacilli,  peculiar  appearing  bodies  were 
noticed,  which  led  to  the  examination  of  a  fresh  specimen  and  to  the 
recognition  of  a  case  of  paragonfmia*sis  which  had  previously  been  unsus- 
pected. This  patient  alsa  had  tubercle  bac»illi  in  his  sputum.  While  in 
several  conditions  Charcot-Leyden  crystals  are  found  in  the  sputum,  they 
are  in  this  disease  more  numerous  and  constant  than  the  eggs  of  the 
parasite,  and  when  seen  in  considerable  numbers  in  a  sputum  from  a 
patient  in  regions  where  the  infection  is  endemic,  their  presence  should 
lead  to  a  closer  investigation  for  Paragonimus  disease.  In  the  Philip- 
pine Islands,  and  other  endemic  zom»s,  examinations  of  fresh  specimens 
of  sputum  should  be  as  much  a  })art  of  routine  as  is  the  examination  of 
stained  ones. 

Fceces, — Several  times  duirng  the  past  year  the  presence  of  Paragoni- 
mus infection  has  been  discovered  by  finding  the  eggs  in  the  faeces.  In 
one  case  the  di'agnosis  was  confinned  by  an  autopsy.  In  two  of  these 
instances  no  eggs  could  be  discovered  in  the  sputum.  Only  a  simple 
cover-glass  preparation  is  needed  for  the  examination  of  the  faeces  and 
the  eggs  are  most  quickly  located  witli  an  A  A  objective  and  a  number 
4  occular.  The  eggsare  less  numerous  in  the  ficces  than  they  are  in  the 
sputum,  and  they  usually  are  found  only  after  persistent  search. 

The  primary  lesions  in  the  intestine  are  usually  in  the  deeper  layers 
and  the  eggs  probably  do  not  appear  in  the  faeces  unless  there  are  idcera- 
tions  of  the  mucosa;  this  fact  has  ])een  pointed  out  in  the  discussion  of 
the  pathology  of  this  disease. 

Ulcers. — I^lccration  of  the  skin  of  a  chronic  type  leading  into  deeper 
tissues  should  indicate  careful  examination  of  the  scrapings  for  eggs  of 
P.  westcnnanli. 

Fluids  and  tissues  removed  by  surgical  operation  in  obscure  cases 
should  be  carefully  scrutinized  for  eggs  and  parasites  in  zones  where  the 
disease  is  endemic.  This  is  i)articularly  true  in  operations  which  require 
the  o])ening  of  the  alKlominal  or  i)leural  cavities. 

In  exploratory,  diagnostic  operations  in  the  Philippine  Islands,  par- 
ticularly upon  the  chest,  abdomen,  liver,  scrotum  or  prostate,  fluke  infec- 
tions should  be  kept  in  mind.  The  dithculty  of  distinguishing  the  egg 
of  P.  wester manii  from  some  of  the  other  fluke  eggs  has  already  been 
noticed  in  another  })art  of  this  paper  and  need  not  be  repeatcKi  here. 

While,  as  stat(»<l  above,  positive  diagnosis  can  only  rarely  be  made  in  the 
living  subject  except  by  finding  parasites  or  eggs,  there  an*  several  subjec- 
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tive  symptoms  and  physical  signs  which  furnish  strong  supporting  data. 
Of  these  the  following,  occurring  singly  or  togetlier,  may  be  noticed :  Un- 
explained epilepsy  or  other  evidence  of  l(K?alized  brain  lesions;  cough 
with  occasional  small  amounts  of  blood,  particularly  with  but  slight  or 
no  constitutional  disturbance  and  with  broncho  pneumonia  and  empyema. 
Evidences  of  chronic  peritonitis,  enlarged  prostate,  epididymitis,  or 
cirrhosis  of  the  liver,  and  chronic  skin  ulceration  with  enlargement  of 
the  lymphatic  glands. 

Owing  to  the  slow  progress  of  the  disease  in  many  cases  and  to  the 
probable  late  appearance  of  ova  in  the  excreta,  many  of  tlu^e  infections 
will  continue  first  to  be  diagnosed  at  autopsy,  until  other  accurate  diag- 
nostic data  are  available. 

X.    COUHSK,    DUUATIOX    AND    I»H0GN0SIS. 

The  course  is  usually  chronic,  the  disease'  lasting  for  years;  however 
in  some  cases,  and  particularly  in  mixed  infections,  it  may  ha  acute, 
and  death  may  result  in  a  few  days  from  the  time  the  symptoms  are  first 
noticed.  Several  writers  have  stated  that  patients  may  live  for  fifteen 
or  even  twentv  vears. 

The  prognosis,  if  the  patient  remains  in  the  region  where  the  infection 
is  endemic,  is  usually  bad  as  to  recovery,  although  several  writers  say 
that  this  may  take  place.  After  a  study  of  the  pathology  of  the  disease, 
this  statement  seems  difficult  to  believe.  Evidence  is  sometimes  found 
indicating  that  there  may  be  an  arrest  of  the  progress  of  the  disease, 
and  were  this  to  occur  in  the  early  stages  of  the  infection,  the  patient 
might  remain  in  good  condition  for  many  years.  However,  with  the 
usual  types  of  the  disease  it  is  doubtful  if  complete  healing  of  the 
pathologic  process  ever  takes  place. 

Deatfi  probably  most  often  is  caused  by  intercurrent  diseases,  but  in 
at  least  two  of  mv  fatal  cases  no  evidence  of  such  a  condition  was  found 
at  autopsy. 

XT.    COMPLICATIONS. 

While  it  is  probable  that  a  great  variety  of  diseases  may  be  found 
associated  with  })aragonimiasis  and  while  other  diseases  often  develop 
during  the  course  of  this  infection  and  hasten  its  outcome,  there  are  but 
two  which,  because  of  their  spcvial  importance,  will  b(v  noticed  here. 
These  are  tub<Tculosis  and  anuebiasis. 

2^ub€n'ulosiss\  either  local  or  general,  may  complicate  either  a  local  or 
more  general  (listril)ution  of  the  parasitic  diseases  The  two  diseases 
existed  together  in  2  of  my  S  fatal  cas(»s  and  such  a  cond)ination  has  in 
addition  lun^n  found  i5  times  clinicallv.  There  are  several  reasons  whv 
this  particular  complication  should  nneive  close  attention.  The  symp- 
tomatology of  the  two  diseases  is  often  very  similar.     The  lesions  are 
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sometimes  rather  difficult  to  distinguish,  and  the  two  infections  may  be 
found  co-existent  in  the  same  lesion. 

Amwbiasui  complicated  3  of  my  fatal  cases,  and  the  two  diseases  have 
been  found  together  twice  clinically.  The  association  is  particularly 
interesting  in  case  1,  where  both  etiologic  agents  were  found  together 
in  the  multiple  abscesses  of  the  liver  and  in  lesions  in  several  other 
parts  of  the  body. 

It  is  probable  that  in  intestinal  paragonimiasis  eggs  would  more  readily 
be  found  in  a  bowel  already  ulcerated  by  amoebae.  The  symptom- 
atology of  the  two  diseases,  when  the  abdominal  organs  are  particularly 
involved  by  the  Paragonimus,  may  be  very  similar  and  the  double  in- 
fection easily  overlooked. 

XII.    PKOPHYLAXIS. 

As  has  been  ix)inted  out  by  Stiles  and  Hassall,  Looss  and  many  other 
writers,  no  satisfactory  prophylaxis  against  this  disease  can  be  estab- 
lished until  the  life  cycle  of  the  parasite  has  been  elucidated.  General 
hygienic  usages  are  recommended  by  most  authors,  these  measures,  for 
example,  being  the  use  of  cooked  food  and  sterilized  water  and  the 
disinfection  of  the  sputii  of  infected  hosts.  In  addition  to  the  lack  of 
knowledge  of  the  complete  life  cycle  of  the  parasite,  successful  prophy- 
laxis is  further  inhibited  by  an  ignorance  of  the  complete  list  of  the 
hosts  of  the  adult  fluke  in  zones  where  the  parasite  is  endemic  and  its 
prevalence  in  these  different  species  of  animals. 

Practically  all  writers  have  assumed  that  the  infection  takes  place 
through  the  gastro-intestinal  canal,  and  this  is  probably  true,  but  it 
seems  that  the  question  of  possible  infection  through  the  skin  should 
also  receive  careful  consideration.  The  frequent,  extensive  involvement 
of  the  lymphatics  and  the  role  playeil  by  this  system  in  the  distribution 
of  the  infection  in  the  lx)dy  of  the  animal  host  make  it  very  important 
that  skin  infection  be  excluded  in  considering  the  manner  of  entrance 
of  the  parasite.  The  probal)le  similarity  between  the  life  cycle  of  this 
fluke  and  that  of  some  others  with  known  life  liistoric^s,  adds  another 
good  reason  for  forbidding  the  use  of  uncooked  food,  particularly  vege- 
tables and  water,  in  countries  where  the  disease  is  endemic.  For  similar 
reasons  it  seems  justifiable  particularly  to  warn  against  the  consump- 
tion of  uncooked  fish,  clams,  crabs,  oysters  and  other  shellfish  obtained 
from  local  waters.  From  data  brought  out  in  this  report  it  seems  wise 
to  recommend  not  only  the  destruction  of  the  sputum  of  infected  human 
hosts,  but  an  equally  careful  disposition  of  the  faeces  and,  in  cases 
whore  ulceration  of  the  skin  exists,  careful  disinfcxition  or  destruction  of 
the  dnssings  should  be  a  routine  ])roce(hire.  Finally,  it  seems  that  the 
sprejid  of  the  disease  might  b(^  somewhat  limited  by  the  destruction  of 
as  many  of  the  lower  animal  hosts  as  can  he  discovercMl.     Tn  this  country 
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cats,  dogs  and  pigs  are  very  nuinoroiis:  they  enjoy  unusually  close  rela- 
tions with  members  of  the  coninumity,  and  in  the  absence  of  a  satis- 
factory means  of  the  disposal  of  their  excreta  these  must  always  prove 
a  menace  in  infwting  the  probable  har])orcrs  of  the  other  phasi»s  of  the 
life  cycle  of  the  parasite. 

XI II.  thkatm?:nt. 

Xo  fonu  of  treatment  so  far  establislied  is  specific  against  the  infec- 
tion. Many  different  tyj>es  of  therapeutics  have  been  used  and  some  of 
them,  such  as  inhalations  of  antiseptic  substances  for  the  pulmonary 
type,  have  been  thought  to  benefit  the  patient. 

Taylor  recommends  rest  in  bed  during  times  where  there  is  ha?moptvsis 
or  when  the  cough  is  very  severe. 

A  general,  tonic  treatment,  consisting  both  of  good  hygienic  measures 
and  drugs,  is  reconmiended  by  all  observers  and  a  change  of  climate 
to  noninfected  regions  urged  by  some.  • 

In  one  of  my  cases  the  cough  disapi>earetl  and  tlie  general  condition 
of  the  patient  improved  very  much  \nidcr  hirge  doses  of  potassium 
iodide. 
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ILLUSTRATIONS. 


Plate  I.  Heart  showing  adult  parasite  (at  a)  and  the  raised  brownish  colored 
areas  infiltrated  with  eggs  described  in  the  text. 
II.  Fig.  1.  Lung  showing  pneumonic  areas,  one  early  abscess  lesion,  sec- 
tion of  adult  parasite  in  a  bronchus  and  anotlier  in  a  pneumonic 
area. 
Fig.  2.  Lymphatic  gland,  showing  necrotic  lesion  from  which  adult 
parasite  was  removed. 

III.  Adult   P.   tceatermanii,   showing   subterminal    oral    sucker,   acetabulum, 

genital  pore,  excretory  pore  and  intestinal  cffcn. 

IV.  Fig.  1.  Egg  of  P.  toestermanxi,  showing  cellular  contents;  operculum  not 

in  good  focus. 
Fig.  2.  Fresh  smear  from  Parayonimus  abscess  of  spleen,  showing  eggs. 
V,  figs.  1-9,  and  Plate  VI,  figs.  1-9,  represent  18  selected  specimens  from 
serial    sections   of   the   adult    parasite   cut    longitudinally.     Sections 
of  all  the  important  structures  may  he  seen  in  these  figures. 
VII,  figs.   1-9,  and  Plate  VIII,   figs.    1-9,  are  similar  to  Plates  V  and  VI, 
except  that  in  the  former  the  sections  are  cut  transversely. 
IX.  Fig.    1.   From  the  subserous   coat  of   the   intestine,   showing   numerous 
eggs;  otherwise  but  slight  change  in  the  tissues.     X  35. 
Fig.    2.    From    intestinal    wall,    tissue    containing    eggs,    with    cellular 
infiltration.      X  3;"). 
X.  Fig.   1.  From  the  intestinal  wall,  showing  connective-tissue  hypt»rplasia. 
cellular  infiltration  and  necrosis,  with  many  eggs. 
Fig.  2.   Typical,   small    necrotic   lesion   renu)ve<l    from   lymphatic  gland. 
X   46. 
XI.  Figs.   1  an<l  2.   Both  figures  show  st^ctions  through  large  abscess  lesions 
containing  adult  ])arasites. 

51756 5  B5 


i 


r 


rUi'Bouvi:    Pahauonihia: 


|P>iii.  .loiTTm.  Sci.,  Vol..  II,  So.   I. 


REVIEWS. 


A  Compend  of  Oenito-Urinary  Diseases  and  Syphilis,  Includingr  Their  Surgery 
and  Treatment.  By  Charles  S.  Hirsch,  M.  D.  Clotli;  70  illustrations  in 
the  text;  1  plate.  Pp.,  xvi  +  351.  Price,  $1.00.  Philadelphia:  P.  Blakiston's 
Son  &  CJo.,  1906. 

The  abortive  treatment  of  gonorrhoea  is  given  a  place  in  tliis  book, 
though  it  does  not  enter  into  the  modern  treatment  of  the  disease. 

The  metric  systni  is  not  used,  nor  are  the  metric  equivalents  of  the 
apothecaries'  weights  and  measures,  which  latter  are  used  throughout, 
given.  It  is  much  to  be  desired  that  all  American  text-books  on  scien- 
tific subjects  either  be  printed  in  the  metric  system  or  give  metric 
equivalents  for  other  terms  used. 

In  the  treatment  of  the  seminal  duct  and  vesicle  no  mention  of 
the  very  valuable  treatment  of  chronic  affections  of  these  organs  by 
irrigation  and  drainage  of  the  seminal  ducts  and  vesicles  through  the 
vas  deferens  is  made,  although  Belfield's  first  paper  on  this  subject  was 
published  in  the  Journal  of  the  American  Medical  Association  in  April, 
1905. 

In  the  article  on  circumcision  silk  sutures  are  recommended.  Silk, 
as  either  a  suture  or  ligature  material,  has  scarcely  any  place  in  modem 
surgery  and  especially  not  in  operations  upon  parts  of  the  body  much 
exposed  to  contamination  by  the  excretions. 

Under  the  treatment  of  the  infection  of  the  bhidder,  vesical  amtebiasis 
is  not  mentioned. 

The  statement  that  suprapubic  cystotomy  is  contraindicated  in  children 
is  contrary  to  tlio  best  modern  surgical  practice.  The  suprapul)ic  method 
is  preferred  by  surgeons  to  the  perineal. operation  in  cliildren,  especially 
young  children,  if  the  calculus  is  too  small  or  too  hard  to  be  easily 
removed  by  crushing.  The  article  on  suj)rapul)ic  cystotomy  tells  us 
that  the  bladder  must  be  tightly  sutured  about  the  drainage  tu]>e  for 
fear  of  infecting  the  ])rcvesical  sj)ace  by  the  escaping  urine.  This  is 
not  necessary.  Then*  nce<l  be  no  fear  of  infection  of  the  prevesical 
space  so  long  as  there  is  free  drainage. 

We  are  told  that  a  iloating  kidney  may  be  retained  in  })osition  by  a 
pad  placed  over  the  ejcciim.     Assuming  that  this  treatment  is  intended 
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for  the  right  kidney  we  are  left  in  the  dark  as  to  wliere  the  pad  is  to  lie 
placed  in  case  the  left  kidney  be  displaced. 

The  table  of  differential  diagnosis  between  epithelioma  and  chancre 
states  that  tlie  microscopical  examination  of  the  latter  is  negative,  yet 
we  are  told  in  the  foregoing  that  the  Spirochaet^  pallida  is  the  most  prob- 
able infecting  agent  causing  the  manifestations  termed  syphylis  and  that 
it  may  be  demonstrated  in  the  initial  lesion  of  the  disease. 

The  intramuscular  injection  of  mercury  as  a  means  of  treatment  in 
syphilis  is  not  given  as  much  prominence  as  its  increasing  popularity 
among  s}T:)hilographers  would  s(»ems  to  warrant.  Bichloride  of  mercury 
is  given  first  place.  It  is  well  known  that  this  is  the  most  irritating  of 
all  salts  of  mercury  when  so  used. 

The  book  contains  ai)out  150  typographical  errors.  An  example  of 
some  of  the  most  glaring  is  the  use  of  the  term  ^'nephrectomy*'  for 
"nephrotomy"  under  "Cysts  of  the  kidney/'  page  193. 

We  never  approved  of  medical  comi>ends.  They  must  necessarily 
omit  much  that  is  esst»ntial  and  can  not  take  the  place  of  more  thorough 
reading  when  they  fall  into  the  hands  of  students,  as  they  usually  do. 
When  c*arelessly  printed  they  are  a  real  evil. 

P.  W.  D. 


A  Compend  of  Materia  Xedica,  Therapeutics  and  Prescription  Writing,  with 
Especial  Reference  to  the  Physiolo^rical  Action  of  Drugs.  Based  on  the 
eighth  revision  of  the  United  States  Phamacopoeia.  By  Samuel  O.  L.  Potter, 
M.  D.,  M.  R.  C.  P.,  Jjond.  Seventh  edition,  revised  and  enlarged.  Cloth.  Pp., 
xii  4-292.     Philadelphia:  P.  Blakiston's  Son  &  Co.,  1906.' 

The  book  fulfills  the  objects  of  a  quiz-eompend  in  that  a  large  amount 
of  information  is  presented  in  a  systematised  and  greatly  condensed 
form.  Discussions  are  avoided,  and  the  style  is  one  of  short,  dogmatic 
assertion,  which  is  possibly  more  suitable  for  a  student  cramming  for 
examination  and  memorizing  automatically.  It  is  difficult  to  share  the 
optimism  evidenced  by  the  author  as  to  the  therapeutic  value  of  certain 
drugs,  and  great^^'r  discrimination  in  this  regard  would  increase  the 
accuracy  of  the  book.  Thus,  the  thyroid  gland  or  it«  extract  is  described 
as  specific  against  psoriasis,  obesity  and  certain  forms  of  insanity;  anti- 
diphtheric  serum  is  not(^l  to  liave  l>enefited  typhoid  fever,  pertussis  and 
asthma. 

The  printing  and  ])in(14ng  conform  to  the  rest  of  the  series.  The 
dosage  is  given  according  to  apothecaries'  measure,  without  metric 
equivalents. 

H.  T.  M. 
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The  American  Illustrated  Medical  Dictionary.  A  new  and  complete  dictionary 
of  the  terms  used  in  medicine,  surgery,  dentistry,  pharmacy,  chemistry  and 
the  kindred  branches,  with  their  pronunciation,  derivation,  and  definition, 
including  much  collateral  information  of  an  encyclopedic  character.  Fourth 
edition,  revised  and  enlarged.  Limp  morocco.  Pp.,  836;  18  illustrations 
in  the  text  and  29  plates,  28  of  which  are  colored.  Price,  $4.5(f.  Philadel- 
phia and  London:  W.  B.  Saunders  Company,  1906. 

The  present  revised  edition  of  this  work  is,  like  its  predecessors, 
thoroughly  up  to  date.  It  furnislies  to  the  student  in  portahle  form  just 
what  he  needs  and  saves  the  busy  practitioner  mucli  valuable  time.  So 
far  as  we  have  been  able  to  ascertain  all  the  new  terms  have  l)een  included 
and  the  semi-encyclopa^lic  character  of  the  work  combined  with  its  com- 
pactness leaves  little  to  be  desired.  The  au thorns  wide  ex|)erience  both 
as  teacher  and  physician  has  enabled  him  to  appreciate  what  is  most 
needed,  and  with  infinite  labor  he  ha^  condensed  the  information  usually 
only  available  in  an  encyclopedia  of  medicine  into  836  octavo  pages. 
The  tables  and  illustrations  are  such  as  are  of  practical  value,  and  printing 
and  binding  are  in  accordance  with  the  general  excellence  of  the  work. 

E.  C.  S. 


Stohr's  Histology  Arranged  upon  an  Embryological  Basis.  By  Dr.  Frederick  T. 
Lewis.  From  the  twelfth  German  edition  by  Dr.  Philipp  Stohr.  Sixth 
American  edition.  Cloth;  450  illustrations  in  the  text,  45  of  which  are 
colored.  Pp.,  ix  +  434.  Price,  $3.00.  Philadelphia:  P.  Blakiston^s  Son  & 
Co.,  1906. 

Dr.  Lewis  has  proved  very  successful  in  continuing  Dr.  Simper's  Amer- 
ican edition  of  Stohr's  Histology. 

The  arrangement  of  the  book  is  good.     Following  a  brief  but  clear 

description  of  the  structure  and  vital  phenomena  of  the  cell,  134  pages 

are  devoted  to  general  histology  and  248  pagi^  to  the  special  systems. 

A  chapter  on  technicjue  and  an  excellent  index  compli»te  the  volume.     The 

distinctive  feature  of  the  book  is  the  arrangement  upon  an  embryological 

bAsis.     The  descri})tion  of  the  adult  tissue,  or  organ,  is  preceded  by  a 

review  of  the  embryogeny,  thus  enabling  the  student  to  gain  a  compre- 
hensive grasp  of  tlie  subject  and  to  form  a  logical  conception  of  the 

significance  of  the  })art  studied.     Th(^  value  of  the  book  has  been  further 

enhanciMl  by  the  ado|)tion  of  the  newer  anatomical  nomenclature.     The 

illustrations,  of  which  tbere  are  450,  are  in  geueral  satisfactory,  many 

presenting  early  stages  in  development.     It  may  \>e  suggested  that  the 

study  of  the  brain  would  be  simplified  by  adding  a  few  illustrations  at 

different  levels  through  the  medulla,  pons,  and  crura  cerebri. 

The  printing  is  clear,  the  size  of  the  volume  convenient,  and  the  book 

can  be  highly  recommended  to  the  student. 

H.  T.  M. 
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A  CONSIDERATION  OF  SOME  OF  THE  MODERN  THEORIES 

IN  RELATION  TO  IMMUNITY. 


Bv  Paul  C.  Frker.^ 


In  opening  the  past  annual  meetings  of  the  Association  it  has  hi^ii 
customary  for  the  president  to  call  attention  to  the  advances  which  have 
been  made  in  matters  relating  to  the  medical  sciences  in  the  Philippine 
Islands  during  the  year  just  completed,  and  while  my  purpose  is 'to 
discuss  considerations  relating  more  closely  to  scientific  studies  which 
may  serve  to  increase  the  efficiency  of  ])roj)hylaxis  in  the  future,  it  is 
not  out  of  place  briefly  to  review  what  has  been  accomplishc^d  since  the 
last  reunion  of  the  members  of  this  association. 

The  outbreak  of  cholera  which  was  accompanicMl  by  the  fear  that'  it 
would  once  more  take  on  the  dimensions  of  the  ones  that  have  swept 
the  Islands  in  the  past,  has  disa])peared ;  cases  of  j)lague  are  no  longer 
encountered ;  smallpox  is  reduced  to  a  minimum  and  l)y  reason  of  efficient 
vaccination  anv  future  serious  occurrences  of  this  disease  need  not  be 
feared;  improved  individual  hygiene  among  a  certain  proportion  of  the 
population  has  lessened  the  frequency  of  dysentery.  Ilygienically,  there- 
fore, we  are  in  a  better  condition  tlian  we  were  a  vear  ago.  I^he  discoverv 
of  the  prevalence  of  trematode  infections  is  another  advance  which  event- 
ually will  lead  to  the  adoption  of  measures  destined  to  bring  about  at 
least  a  partial  curtailment  of  tin*  nuni])er  of  persons  affected  ;  studies  in 
the  habits  and  breeding   places   of   the   mosipiitoes,   whicli   have  been 

*The  address  of  the  president:  Read  at  the  Fourth  Annual  Meeting  of  tlu' 
Philippine  Islands  Medical  Association.  Manila,  February  27,  1907. 
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rapidly  advanced,  will  serve  as  a  foundation  for  plans  to  combat  malaria; 
and  the  work  done  in  the  study  of  immunity  can  not  fail  to  bring 
with  it  far-reaching  results  in  the  preparation  of  serums  and  vaccines. 
The  activity  of  the  veterinary  physicians  has  been  such  that  violent  out- 
breaks of  rinderpest,  which  in  certain  sections  of  the  Islands  threatened 
a  complete  destruction  of  the  homed  animals,  have  been  prevented  by  the 
use  of  anti-rinderpestic  serum,  and  the  methods  of  preparation  of  the 
latter  have  been  markedly  improved,  so  as  to  increase  its  efficiency.  Work 
in  medical  science  has  also  ])een  advanced  by  the  formation  of  the  Army 
Board  for  the  Study  of  Tropical  Diseases,  and  by  the  union  x)f  its 
interests  with  those  of  the  Bureau  of  Science.  The  results  of  this  heartv 
cooperation  are  already  evident  in  a  series  of  interesting  publications. 
Work  in  medical  zoology  has  also  been  undertaken  and  we  expect  most 
fundamental  advances  in  this  important  branch  of  tropical  medicine 
during  the  year  to  come.  The  plans  for  a  medical  school  founded  upon 
modern  laboratory  instruction  and  clinics  are  about  completed  and  we 
hope,  at  no  distant  date,  to  have  an  institution  which  will  be  as  capable 
as  any  which  may  be  found  in  America  or  Europe  of  thoroughly  training 
medical  students  along  the  lines  universally  approved  to-day* 

No  doubt  then,  but  that  the  past  year  has  shown  a  great  advance,  and 
no  doubt  also  but  that  the  next  one  will  be  equally  prolific  of  results.  We 
can  not  stand  still,  for  that  in  all  countries  and  ages  has  meant  re- 
trogression. 

In  tropical  countries  medical  studies  most  peculiarly  concern  them- 
selves with  the  diseases  of  infectious  origin.  The  white  man  coming 
hcFC  runs  the  liability  of  contracting  certain  of  them,  the  native  again 
is  exposed  to  others,  and  the  best  means  of  limiting  and  combating 
the  outbreaks  which  occur  have  been  topics  for  study 'in  all  parts  of  the 
world.  So  seriously  do  America  and  Europe  take  the  question  of  limiting 
infectious  diseases  that  specially  endowed  institutions  have  been  estab- 
lished for  work  in  methods  of  prevention  and  cure.  Great  masters  in 
this  direction  of  work  have  arisen,  and  far-reaching  th(K)ries  as  to  the 
causes  of  natural  immunity  to  certain  diseases  in  individual  races  and 
species  and  as  to  the  production  of  artificial  immunity  have  been  estab- 
lished as  the  result  of  dinicult  experimental  work.  The  advancement 
of  these  theories,  their  discussion,  and  the  laboratory  investigations  neces- 
sary to  prove  or  disj)rove  the  various  views  has  served  to  advance  the 
cause  of  the  study  of  immunity  in  the  past  few  years  with  a  rapidity 
j)erha])s  ecpialed  by  no  other  branch  of  science,  unless  it  be  that  of  the 
physical  study  of  the  phenomena  of  radioactivity.  It  has  been  the  great 
service  of  Ehrlich,  of  Frankfurt,  to  explain  the  existing  phenomena  by 
a  fundamental  view  of  tlie  causes  of  immunity  which  is  founded  upon 
chemical  considerations  and  which,  to-day,  is  accepted  by  the  majority 
of  workers  in  this  field  and,  although  it  has  opponents,  even  the  latter 
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have  been  obliged  to  bring  into  their  considerations  conceptions  which, 
while  using  different  terms,  still  in  many  res})e(ts  conform  to  the  position 
assumed  by  Ehrlich. 

It  is  with  much  diffidence  tliat  I  approacli  tliis  subject  as  a  chemist. 
I  had  hoped  when  I  selected  this  topic  to  have  some  experimental  material 
to  bring  before  the  association,  but  unfortunately  my  time  has  been 
so  occupied  in  other  directions  that  I  liave  been  unal)le  to  accomplish 
what  I  wished.  It  will  tlierefore  be  necessary  for  vou  to  take  such  discus- 
sion  as  I  have  to  give,  for  what  it  is  worth. 

A  merely  casual  consideration  of  tlie  phenomena  of  immunity  to 
disease  develops  the  fact  tliat  we  encounter  specialized  resistance  to 
certain  types  not  only  in  races,  but  in  families,  orders,  genera,  species 
and  even  in  individuals.  By  some  processes  in  the  development  of  various 
groups  of  animals,  some  have  become  resistant  to  the  change  in  their 
condition  brought  about  by  the  introduction  of  certain  foreign  cells, 
others  have  become  immune  to  other  infections,  and  so  on.  This  re- 
sistance may  manifest  itself  either  in  a  destruction  of  the  introduced 
cells,  in  an  impainiient  of  their  functions,  or  it  nuiy  appear  as  a  simple 
tolerance  to  their  presence  without  deleterious  results.  Of  course,  in 
this  connection  we  must  also  consider  the  cell  which  is  introduced,  this 
too  can  by  ages  of  development  have  become  resistant  or  tolerant  to  the 

• 

influences  of  certain  of  its  hosts,  and  in  this  way  may  be  capable 
of  resisting  destruction  in  their  bodies.  The  main  question  to  be 
considered  is,  How  is  this  destruction  or  tolerance  brought  about?  In 
the  case  of  the  destruction  of  an  introduced  cell,  this  must  either  take 
place  by  the  action  of  some  chemical  groups  or  individuals  present  in 
the  host,  by  the  aid  of  which  the  introduced  celKis  disintegrated  and 
dissolved,  or  it  must  be  by  physical  means,  by  the  action  of  some  form 
of  energy  by  which  chemical  changes  leading  to  the  disintegration  of  the 
cell  are  inaugurated  in  the  latter.  That  a  proj)er  modification  of  energy 
can  bring  about  chemical  rcactio'n  is  too  well  known  for  discussion,  but  it 
is  difficult  to  conceive  how  an  organism  which  has  been  produced  while 
subject  to  all  various  manifestations  of  energy  which  surround  us,  should, 
upon  being  merely  transfernMl  to  another  organism  which  has  also  been 
produced  under  the  same  general  conditions,  be  destroyed  by  such  means 
only.  It  is  true  that  in  the  j)henomenon  of  agglutination  we  may  have,  at 
first  sight,  some  indications  of  the  action  of  j)ohirity.  but  here  also,  to 
produce  the  change,  certain  sj^ecific  chemical  bodies  must  be  ])r(»sent.  A 
chnnfjc  in  encnjif  undoubtedly  takes  j)lace  during  the  ]>roc(^ses  of  cell  des- 
truction or  agglutination  and  this  change  in  energy  must  have  further, 
far-reaching  results,  but  as  yet  the  study  of  immunity  has  not  advanced  to 
a  sufficient  degree  to  render  a  consideration  of  this  phase  jmssible.  There 
remains  then  as  the  most  probable,  a  priori  hypothesis  the  (me  which 
assumes  that  the  examples  of  cell  destruction  or  agglutination  which 
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we  observe  are  brought  about  by  chemical  substances  present  in  the  host, 
or  by  what  is  still  more  likely,  a  combination  between  certain  definite 
substances  in  the  introduced  cell  and  of  others  in  the  host.  If  now  we 
consider  the  development  of  various  races  from  their  simplest  banning, 
we  are  forced  to  the  conclusion  that,  in  the  struggle  for  existence  and  in 
the  adaption  of  individuals  to  environment,  a  great  variety  of  substances 
of  gradually  increasing  complexity  must  be  fonned  which  take  part  not 
only  in  assimilating  food  but  in  resisting  the  encroachments  of  parasitic 
organisms.  In  proportion  as,  through  the  ages,  the  conditions  surround- 
ing the  race  have  been  altered,  as  the  attacks  have  multiplied,  and  the 
means  of  resisting  them  have  been  applied,  there  has  sprung  up  the  vastly 
complex  chemical  system  of  the  higher  organisms,  and,  as  the  materials 
which  these  organisms  must  assimilate  are  varied  and  the  means  which 
they  must  take  to  resist  destruction  are  also  of  great  variety,  it  follows 
that  those  chemical  bodies  which  in  the  host  are  capable  of  the  destruction 
of  the  invader  must  also  be  great  in  number.  It  is  not  possible,  consider- 
ing the  specific  character  of  the  destruction  of  certain  cells,  that  one  chem- 
ical individual  should  bring  about  the  various  types  of  immunity,  indeed, 
if  immunity  were  due  to  one  chemical  individual  we  would  expect  it 
to  be  universal,  and  universal  immunity  would  imply  the  destruction 
within  the  body  itself  of  its  own  tissues,  namely,  autolysis.  Furi;hermore, 
the  cell  which  is  introduced  is  in  itself  resistant  in  some  organisms,  non- 
resistant  in  others,  it  may  itself  therefore  have  developed  immune  bodies 
which  must  diiffer  from  the  immune  body  in  the  host.  We  must  therefore 
come  to  the  conclusion  that  a  multitude  of  chemical  groups  or  individuals 
must  exist  in  any  one  organism,  which  are  calculated  to  resist  the  invasion 
of  foreign  cells.  Aaother  question,  entirely,  is  that  of  the  chemical 
complex  or  possibly  the  transferrence  of  energy  wliich  renders  the  attack- 
ing chemical  body  active.  This  factor  in  the  destruction  of  the  foreign 
cell  might  be  uniform  throughout,  for  its  action  is  through  the  chemical 
complex  which  is  only  one  of  the  destroying  factors.  If  it  is  simply  a 
method  of  producing  a  change  of  energy  it  is  difficult  to  conceive  why 
it  should  act  at  one  time  and  not  at  another  or,  if  it  is  a  uniform  chemical 
body,  why  it  should  in  the  sera  of  certain  cases  be  destroyed  at  a  low 
temperature  and  in  others  at  a  higher  one. 

From  what  has  gone  before  we  must  conclude  that  the  development 
of  race  immunity  is  a  process  of  heredity,  that  the  substances  which'  confer 
certain  t}^es  of  immunity  on  the  individuals  of  a  given  race  have  been 
produced  by  a  course  of  development  concomitant  with  the  other  mani- 
festations of  evolution  and  that  the  chemical  bodies  which  confer  the 
immunity  in  individuals  must  be  vast  in  number.  In  reaching  this 
conclusion  we  must  not  lose  sight  of  another  means  by  which  immunity 
can  be  conferred,  namely  by  the  absence  of  groups  capable  of  uniting 
with  introduced  cells  or  toxins — but  this  phenomenon  also  must  be  tiie 
result  of  heredity. 
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Exactly  the  same  view  applies  to  conferred  immunity.  A  natural 
immunity  may  be  increased  or  one  which  is  scarcely  existent  may  be 
rendered  apparent  and  protective  by  the  introduction  of  cells,  or  the 
products  of  those  cells.  In  these  cases  we  produce  a  more  or  less  specific 
type  which  manifests  itself  either  only  against  the  particular  cell  in 
question  or  at  least  only  against  those  also  with  which  it  is  closely 
related.  This  conferred  immunity,  in  principle,  does  not  differ  from  the 
hereditary  one;  we  have  only  added  to  the  host  another  set  of  chemical 
substances  which  in  themselves  were  not  present  before,  or  at  least 
were  present  only  in  small  amount.  However,  bodies  related  to  the 
introduced  substances,  or  at  any  rate  bodies  having  similar  chemical 
characteristics  must  have  existed  in  the  host  owing  to  the  principles  of 
heredity  which  have  just  l)een  discussed  and  it  must  be  by  reason  of  this 
similarity  or  identity  that  the  increased  immunity  is  conferred.  The 
introduced  cell  then,  by  reason  of  its  introduction  into  a  host,  causes  a 
disturbance  of  equilibrium  in  certain  cells  of  the  latter,  these  cells,  ac- 
cording to  the  law  by  which  a  chemicar  system  tends  to  produce  a  change 
in  the  surrounding  conditions  by  which  the  disturbance  can  be  counter- 
acted, give  off  or  produce  chemical  substances  which  tend  to  destroy  or 
eliminate  the  invader  and  in  so  doing  they,  responding  to  the  stimulus,  go 
far  beyond  the  point  of  original  equilibrium  and  so  produce  the  immune 
substances  which  find  their  way  into  the  blood.  However,  the  laws  of 
chemical  equilibrium  will  prevent  too  great  a  proliferation  of  these  im- 
mune bodies,  for  there  must  come  a  point,  if  we  consider  physical  laws, 
when  the  reaction  which  produced  the  immune  bodies  takes  place  in  the 
opposite  direction,  and  at  this  point  as  many  of  the  immune  bodies  will  be 
destroyed  as  created.  To  speak  in  the  language  of  chemistry,  the  reaction 
must  be  a  reversible  one.  This  condition  must  arise,  or  otherwise  we  could 
go  on  in  any  given  case  to  a  condition  of  infinite  immunity.  How  this 
reversal  is  brought  about  is  a  matter  of  indifference.  It  may  be  by  the 
formation  of  anti-immune  bodies,  it  may  be  by  a  process  destructive 
to  immune  bodies  which  is  constantly  going  on  within  the  cells  of  the 
hoet;  in  any  event  the  end  of  the  equilibrium  must  be  reached.  This  new 
end  equilibrium,  however,  in  the  case  of  the  conferred  immunity,  is  only 
an  unstable  one,  the  organism  must  gradually  tend  to  return  to  its 
original  condition;  that  is,  the  conferred  immunity  must  gradually  be 
lost,  the  rapidity  of  the  change  depending  upon  the  nature  of  the 
immunity  which  has  been  given.  Conferred  immunity,  therefore,  differs 
from  natural  or  hereditary  immunity  by  not  being  permanent,  for  in  the 
hereditary  type  the  equilibria  have  been  estal)lished  through  the  ages 
during  which  the  permanent  condition  has  gradually  been  brought 
about — the  system  has  adjusted  itself  to  the  new  equilibrium.  It  would 
be  interesting  to  study  the  production  of  hereditary  immunity  in  animals, 
but  I  fear  the  task  would  be  a  great  one,  for,  as  we  know,  hereditary 
Tariations  in  type  are  only  produced  by  many  generations. 
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General  considerations  of  the  broader  phenomena  of  immunity  and 
some  more  special  analysis  of  the  production  of  immunity  lead  us  to 
a  chemical  view  of  the  (juestion,  and  we  are  then  brought  to  the  con- 
clusion that  there  must  exist  certain  types  or  groups  of  complex  sub- 
stances which,  coming  in  contact  with  the  introduced  cells,  cause  their 
destruction.  All  investigators  are  agreed  that,  no  matter  how  these 
chemical  substances  have  their  origin,  whether  in  the  conglomerate  of  cells 
which  go  to  make  up  tlie  body,  or  in  certain  special  ones,  such  as  the 
leucoc}i:es,  once  they  are  free  in  the  circulation  they  can  unite  with  the 
introduced  cell  and  can  be  removed  by  it.  That  this  is  not  a  phenomenon 
of  adsorption  is  jirovcd  l)y  the  fact  that  there  is  selective  absorption  of 
the  immune  bodies  or  of  th(»  toxins  by  a  cell,  where  two  or  more  of  the 
former  are  present.  All  investigators  also  are  agreed  that,  once  the 
immune  substance  is  fixed  by  the  cell,  then  the  additional  action  of 
another  body  or  in  the  case  of  the  toxin,  a  chemical  group  therein  present, 
is  necessary  to  cause  the  final  destruction  of  the  foreign  organic  complex. 
As  to  the  nature  of  this  last  mode  of  action,  opinions  diiffer. 

If  we  come  to  consider  the  actual  relative  mass  of  a  toxin  which 
suffices  to  cause  the  death  of  an  individual,  or  the  actual  relative  mass  of 
a  haemolytic  immune  body  as  compared  wMth  that  of  the  corpuscles  which 
it  destroys,  we  are  forctnl  to  the  conclusion  that  the  masses  of  the 
reactive  bodies  are  extremely  small  as  compared  with  those  of  the  cells 
which  they  destroy.  In  an  immune  serum  we  have  water,  salts,  fibrin, 
globulin  and  in  short  a  great  proportion  of  substances  which  can  not  be 
immune  bodies,  and  this  fact  must  be  taken  into  consideration  when  we 
regard  the  actual  quantities  of  these  substances  present,  but,  on  the 
other  hand,  the  cell  to  be  destroyed  must  act  as  a  whole;  that  is,  for 
example,  if  the  process  of  destruction  is  one  of  hydrolysis,  then  the 
hydrolytic  action  must  disintegrate  the  whole  cell.  A  guinea  pig  of 
300  grams  is  killed  by  0.0025  cubic  centimeter  or  by  approximately  10"^ 
times  its  mass  of  diphtheria  toxin,  a  horse  by  0.3  cubic  centimeter  of 
tetanus  and  a  mouse  by  1^^"'  gram;  2.8^^  gram  of  tarantula  can  com- 
pletely dissolve  200,000,000  red  blood  corpuscles  of  the  rat.  It  is  true 
that  we  can  not  actually  determine,  in  a  given  case,  just  what  mass  of 
cells  is  thrown  out  of  function  by  a  given  amount  of  reagent  and  just 
how  many  cells  it  is  necessary  profoundly  to  disturb  before  serious 
consequences  result  to  an  organism,  and  in  this  respect  reactions  in  vitro 
give  us  little  aid,  as  here  we  are  not  acting  under  normal  conditions 
of  life,  and  we  an^  also  ignorant  of  the  relation  between  the  actual 
weights  of  reagents  employed.  These  studies  are  radically  different  from 
tbe  ordinary  chomical  ones,  where  the  steechiometric  relations  can  ac- 
curately l)e  followed. 

However,  the  a[)[)arent  (lis]>r()])(>rtion  between  the  mass  of  the  reagent 
which  causes  the  disintegration  of  the  cells  and  the  ])robable  mass  of  the 
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cells  destroyed  should  draw  our  attention  to  the  phenomenon  of  catalysis. 
The  study  of  catalysis  and  of  catalytic  reactions  has  been  advanced  most 
markedly  within  the  past  few  years,  and  we  have  come  to  have  a  much 
clearer  conception  of  the  principles  underlying  the  changes  brought  about 
by  catalytic  agents  than  we  formerly  liad.  One  fundamental  fact  must 
always  clearly  be  borne  in  mind,  and  tluit  is  ///('  catah/zcr  can  not  change 
the  end  equilibrium  of  a  reaction,  it  can  only  alter  its  rate.  A  simple 
example  will  suffice.  Jf  we  have  a  mixture  of  hydrogen  and  oxygen, 
the  two  gases  apparently  do  not  unite  at  ordinary  temperatures,  some 
infinitesimal  union  however  doas  take  place  with  the  formation  of  water, 
but  the  rate  of  reaction  is  too  slow  to  be  measured  and  it  must  be  derived 
by  interpolation  after  a  study  of  the  change  at  higher  temperatures. 
However,  if  the  mixture  of  gases  were  to  remain  for  a  sufficient  length 
of  time,  centuries  in  this  instance,  a  final  end  equilibrium,  in  which  nearly 
all  had  been  changed  to  water  and  but  infinitesimal  traces  of  hydrogen 
and  oxygen  would  remain,  would  finally  be  realized.  The  introduction 
of  a  catalyzer,  in  this  case  let  us  say  ])latinum  sponge,  will  so  alter  the 
rate  of  reaction  that  it  may  even  proceed  with  explosive  violence,  a  few 
seconds  sufficing  to  accomplish  that  which  would  take  ages  under  ordi- 
nary circimistances.  The  catalyzer  itself,  however,  is  not  altered.  The 
recent  work  of  Bredig  on  the  colloidal  metals  has  furnished  us  with 
a  series  of  inorganic  catalyzers  which  have  tlu^  remarkable  property  of 
being  "poisoned"  by  chemical  reagents  similar  to  those  which  attack 
the  organic  enzymes,  and  even  without  such  a  hint  as  to  a  possible 
resemblance  between  the  inorganic  colloids  and  the  organic  enzymes, 
it  is  quite  generally  believed  that  the  enzymes  are  specific  organic  cata- 
lyzers with  the  power  of  accelerating  the  rate  of  normal  reactions  which 
otherwise  might  be  infinitely  slow. 

The  theory  of  Ehrlich,  very  briefly  stated,  is  as  follows:  A  cell,  having 
certain  chemical  groups,  is  introduced  into  a  body.  If,  in  any  of  the 
multitudinous  cells  of  that  body  there  is  one  which  has  chemical  groups 
capable  of  uniting  with  those  of  the  introduced  cell,  then,  on  contact, 
such  union  takes  place.  The  attacked  cell  in  the  living  organism,  having 
its  equilibrium  disturlxMl  by  the  occupation  of  cme  of  its  chemical  groups, 
proliferati»s  others  wbieb,  as  1  will  show  further  on,  may  or  may  not 
be  of  the  same  nature  and  which  are  thrown  otf  into  the  circulation.  The 
proliferated  chemical  substance  must  be  capable  of  attiaching  itself  to 
an  albuminous  molecule  of  the  introduced  cell,  for  it  contains  the 
chemical  grou})ing  whiili  assumed  the  original  function  of  binding 
the  introduced  cell.  But,  in  itself,  this  detached  group  is  not  able  to 
bring  al)out  the  destruction  of  the  foreign  invader,  it  must  be  rendered 
capable  of  so  doing  by  uniting  with  a  chemical  substance  j)resent  in  the 
blood  plasma,  which  is  termed  the  complement.  The  immune  body  which 
is  proliferated  therefore  is  an  amboceptor,  with  one  group  it  is  capable  of 
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union  with  the  cell,  with  the  other  with  the  complement,  and  the  latter 
causes  the  reaction  rapidly  to  take  place. 

The  immune  body  (or  in  the  case  of  toxins  the  haptophore  group)  has 
therefore  been  termed  the  "sensitizer^'  which  renders  the  cell  capable  of 
destruction  by  the  enzyme-like  complement  (or  toxophore  group),  and  it 
has  been  compared  to  a  mordant.  This  comparison  does  not  seem  to  me 
to  be  aptly  chosen,  for  the  fiber  and  mordant  behave  toward  each  other  as 
two  colloids  of  opposite  polarity,^  the  mordant  is  absorbed  by  the  fiber 
without  apparent  chemical  union,  the  fiber  itself  is  not  thereby  rendered 
more  reactive.  Tlie  mordant  acts  independently  toward  the  dye  and  here 
also  we  probably  have  colloidal  absorption.  The  relations  between  fiber, 
mordant  and  dye  are  therefore  largely  governed  by  physical  causes. 
However,  in  the  case  of  immune  body,  complement  (or  toxophore  group) 
and  cell  the  latter  is  profoundly  altered  or  destroyed — ^the  destruction 
appearing  closely  to  resemble  the  processes  of  hydrolysis,  the  immune  body 
apparently  serving  to  bring  the  enzyme-like  complement  or  toxophore 
group  in  closer  space  relation  to  the  cell,  so  that  one  should  scarcely  speak 
of  either  as  the  sensitizer,  but  should  rather  term  the  complement  the 
accelerator.  The  change  somewhat  reminds  one  of  the  diifferent  stereo- 
chemical relations  present  in  the  formation  of  lactones  from  the  halogen- 
substituted  fatty  acids  and  some  years  ago'  I  demonstrated  that  in  these 
reactions  we  can  have  the  chemical  reactivity  influenced  by  two  factors,^ 
one  taking  place  through  the  carbon  chain,  the  other  through  space.  In 
connection  with  this  view  of  catalytic  action  it  is  interesting  to  note  that 
Kyes  and  Sachs*  in  studying  the  acceleration  of  the  haemolytic  action 
of  cobra  venom  by  lecithin  have  shown  that  the  more  snake  venom  is 
used,  the  less  lecithin  is  necessary  to  effecrt  complete  haemolysis  and  vice 
versa,  the  more  lecithin,  the  less  venom  need  be  used  for  the  minimal 
completely  solvent  dose. 

It  will  be  seen  from  the  above  that  the  proliferation  of  immune  bodies 
according  to  this  view  is  brought  about  by  a  disturbance  of  equilibrium 
within  the  cell,  that  therefore  the  production  of  immune  bodies  is  a 
normal  process  accelerated  by  the  introduction  of  the  foreign  cell.  Under 
undisturbed  conditions  of  equilibrium  these  or  similar  immune  bodies  are 
also  most  certainly  being  given  off,  but  owing  to  their  gradual  prolifera- 
tion, they  undoubtedly  disappear  without  causing  a  change  in  the  normal 
equilibrium.  By  the  introduction  of  the  foreign  cell,  however,  the  rate 
of  the  reaction  is  altered  so  as  to  throw  a  large  amount  of  these  immune 
bodies  into  the  circulation  at  one  time.  This  production  of  immune 
bodies,  therefore,  has  much  the  appearance  of  catalysis,  where  the  cataly- 
zer which  proliferates  the  immune  body  is  generated  within  the  body  cell 
itself. 

nV.  Biltz:  Ber.  d.  chem.  Ues.      (1904)    37,   176G. 
'Ann.  Chem.      (Liebig)    (1901)    319,  34."). 
*BerL  Klin.  Wchjisch.      (1903),  40,  21. 
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I  have  mentioned  above  that,  under  undisturbed  conditions  of  equilib- 
rium the  immune  bodies  or  similar  substances  are  undoubtedly  con- 
stantly being  given  off.  I  had  in  mind  some  of  the  phenomena  of  organic 
chemistry  in  which  the  change  of  one  stereochemical  form  into  another 
is  brought  about,  or  perhaps  more  aptly,  the  alterations  which  we  observe 
from  the  keto-  to  the  enol-form  and  vice  versa.  We  have  bodies,  for 
example,  which  when  prepared  under  certain  circumstances,  react  like 
ketones  or  aldehydes,  these  same  bodies  may  spontaneously  or  under 
slight  stimulus,  become  altered  to  unsaturated  alcohols  and  again  under 
others  they  may  at  times  appear  as  ketones  and  at  others  as  alcohols.  The 
same  condition  may  apply  when  the  equilibrium  of  the  living  body  cell 
is  disturbed  by  the  introduction  of  the  foreign  one — the  immune  bodies 
which  are  normally  proliferated  may  be  changed  in  this  manner  in  their 
chemical  structure  by  the  introduced  cell  so  that  now  they  become 
capable  of  independent  existence  and  possibly  also  of  firmer  union  with 
other  cells  and  so  that  they  are  also  able  to  fix  the  complement.  This  view 
does  not  seem  improbable  wlien  we  consider  that  we  have  immune  bodies 
of  apparently  similar  origin,  some  of  which  are  capable  of  firm  fixation 
to  the  introduced  cell,  others  of  which  are  but  loosely  bound  and  still 
others  which  have  their  avidity  increased  by  union  with  the  complement. 

While  I  have  shown  above  that  the  immune  bodies  may  be  produced  by 
catalysis  of  normal  processes,  it  does  not  follow  that  they  are  themselves 
catalyzers  when  they  unite  with  the  introduced  cell,  with  the  toxin,  or 
in  the  case  of  toxins  themselves,  with  the  body  cell,  for  it  has  conclusively 
been  shown  that  such  union  does  take  place  and  that  then  these  bodies 
are  either  removed  from  the  serum  or  that  thev  unite  with  the  toxin. 
But,  if  the  view  of  catalysis  is  correct,  them  these  bodies,  when  so 
attached  should,  at  a  very  slow  rate  of  reaction,  accom])lish  that  which 
they  do  rapidly  under  the  influence  of  the  complement,  for  the  catal}T5er 
simply  accelerates  an  otherwise  normal  reaction ;  in  other  words,  to  select 
an  example  from  tiie  ])heiiomena  of  haemolysis,  the  lysis  of  a  red  blood 
cell  to  which  an  immune  body  is  attached,  should  take  place  very  slowly 
as  a  normal  reaction,  which  would  proceed  very  rapidly  to  an  end  equi- 
libriimi  by  the  addition  of  the  complement.  Individual  test-tube  experi- 
ments in  haemolysis  have  not  extended  over  a  sufficient  period  of  time 
to  prove  or  disprove  this  view,  and  it  would  be  interesting  to  follow  out 
this  subject  if  the  experimental  difficulties  are  not  too  great. 

On  the  other  hand  the  coui[)lement  which  is  attached  to  the  ambo- 
ceptor, either  permanently,  as  in  the  case  of  the  toxins,  or  which  is 
taken  up  from  the  blood  serum,  as  with  the  hie moly sins,  seems  much  more 
closely  to  resemble  the  eatalyzers,  but  if  it  is  a  catalytic  agent  it  must 
accelerate  a  reaction  which  otherwise  would  take  place  with  extreme 
slowness,  with  such  slowness,  indeed,  that  without  such  a  catalyzer  no 
noticeable  difference  of  the  normal  equilibrium  would  take  place.  Dr. 
Strong,  acting  on  this  view,  has  conducted  a  series  of  experiments  with 
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diphtheria  toxin  in  guinea  pigs  which  were  simultaneously  injected 
with  minimal  doses  of  pure  hydrocyanic  acid,  acting  on  the  theory  that 
this  substance,  which  so  markedly  "poisoned"  Bredig^s  colloidal  inorganie 
catalyzers,  would  do  the  same  with  the  organic  ones,  and  that  hence  the 
action  of  the  diphtheria  toxin  should  be  delayed,  with  a  gradual  recovery 
of  virulence  as  the  hydrocyanic  acid  disappeared.  The  results  were 
entirely  negative.  However,  this  one  series  proves  nothing  excepting 
that  other  means  of  experimentation  must  be  resorted  to.  The  work 
could  probably  be  more  successfully  carried  out  in  vitro. 

The  process  of  cell  destruction  by  aid  of  the  complements  which  are 
present  in  the  serum  has  one  interesting  phase  which  causes  it  to  diiffer 
from  that  where  the  catalytic  agent,  if  I  may  use  the  term,  is  a  chemical 
individual  which  can  be  isolated,  such  as  lecithin.  In  the  case  of  the 
serum  complement  there  is  a  time  of  incubation — that  is,  the  reaction 
proceeds  with  an  increment  of  increase  in. unit  time — ^which  can  only  be 
brought  about  l)y  the  relatively  increasing  amount  of  catalyzer  present, 
in  other  words,  tlie  complement  must  either  be  formed  during  the  reaction 
or  it  must  be  liberated  as  soon  as  its  work  is  done,  but  in  the  latter  event, 
in  vitro;  we  must  also  have  a  steadily  diminishing  amount  of  substance 
in  unit  volume  to  be  acted  upon,  and  a  consequent  gradual  retardation. 
The  study  of  the  rate  of  these  reactions  and  the  resulting  curves  is 
therefore  of  fundamental  importance,  and  in  the  case  of  hsemolysis 
the  experimental  difficulties  would  not  seem  to  be  too  great  to  overcome. 
It  would  certainly  be  well  to  determine  the  proportion  of  complement 
and  immune  body  as  compared  with  that  originally  present  remaining 
in  liaemolyzed  blood  after  the  reaction  is  complete,  although  in  this 
connection  care  must  be  exercised  not  to  confuse  the  possible  effects  of 
substances  like  lecithin,  which  could  be  separated  from  the  stroma,  with 
the  true  serum  complements. 

In  closing  I  wish  to  call  attention  to  one  phase  of  the  researches  on 
immunity  which  would  repay  further  investigation.     Ehrlich  has  said: 

I  accept  the  existence  of  haptophore  groups  exclusively  in  compounds  such  as 
the  food  stuffs  which  can  enter  into  the  composition  of  the  protoplasm  or  which, 
such  as  the  great  series  of  poisonous  or  not  poisonous  products  of  the  metabolic 
changes  of  living  cells,  can  enter  into  a  combination  similar  to  that  of  the  food 
stuffs. 

The  deep-seated  difference  between  the  alkaloids,  glucosides  or  medicinal  agents 
of  known  chemical  constitution  and  those  substances  which  possess  haptophore 
groups  and  which  are  therefore  capable  of  liberating  antibodies  during  the  process 
of  immunization  is  shown  by  the  fact  that  none  of  the  former  class  have  ever 
been  able  to  give  rise  to  any  antibody  production  of  consequence. 

However,  1  believe  that  this  seemingly  impassible  gulf  can  be  crossed. 
Undoubtedly,  we  can  place  on  one  side  ])oisons  from  which  no  trace  of 
an  imnninitv  reaction  can  he  secured  and  on  the  other  substances,  the 
products  of  life  action,   which  give  all   the  typical  phenomena  which 
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we  are  accustomed  to  associate  with  what  we  term  immunity,  but  surely 
the  line  can  not  be  an  abrupt  one  and  hence,  in  this  investigation  we 
must  seek  chemical  individuals  of  known  constitution  which,  under 
proper  conditions,  are  capable  as  synthetic  bodies  of  entering  into 
metabolic  reactions.  The  recent  work  of  Emil  Fischer  on  the  amino-acids 
and  the  S}'nthetic  formation  of  tlie  polypeptids  is  suggestive  and  it  is 
with  similar  spithetic  substances  that  we  may  liope  to  see  our  next  great 
advance  in  the  study  of  immunity. 

The  problems  to  be  encountered  in  immunization  are  difficult,  they 
involve  painstaking  experimental  work  and  cK)se  reasoning  and  thought 
but,  as  I  have  endeavored  to  sliow,  the  modern  views  of  chemistry  and 
physics  are  all  on  the  side  of  the  worker  in  immunity;  he  has  but  to 
reason  closely  to  untangle  one  more  skein  of  the  web,  and  his  reward 
is  great.  In  place  of  the  constant  fear  of  recurring  serious  epidemics 
of  devastating  diseases  with  their  accom])anying  vast  expenses,  and  in 
place  of  the  constant  vigilance  necessary  to  prevent  serious  outbreaks  of 
infectious  diseases,  the  worker  in  immunity  may  possibly  as  a  result  of  his 
studies  in  the  future  be  able  to  render  a  community  practically  safe  from 
all  but  negligible  sporadic  cases.  We  could  then  dis])ense  with  the  rigors 
of  quarantine  and  its  interruption  of  commerce,  or  with  the  enormous  loss 
of  life  consequent  upon  the  occurrence  of  epidemics.  True,  the  prejudice 
against  methods  of  immunization  is  as  yet  great,  much  more  of  a 
scientific  nature  needs  to  be  done,  much  of  a  missionary  character  under- 
taken, but  then  not  many  years  ago  the  very  fact  of  the  causation  of 
disease  by  microorganisms  was  the  subject  of  the  bitterest  dispute  and 
many  members  of  the  medical  })rofession  itself  were  sceptical  as  to  the 
results  which  were  to  follow.  However,  the  opposition  of  the  profession 
has  practically  disappeared,  that  of  the  laity  will  of  necessity  follow,  and 
our  successors  will  find  the  wav  for  future  advance  cleared  for  them 
by  the  pioneers  of  to-day. 


ON  THE  CULTIVATION  OF  A  BOVINE  PIROPLASMA: 
A  PRELIMINARY  COMMUNICATION. 


By  M.  MiYAJiMA. 

{From  the  Imperial  Insiitiitc  for  the  Research  of  Infectious   Diseases,   Tokyo, 

Japan:  Director,  Prof.  S.  KUasato.)^ 


One  of  the  most  interesting  subjects  in  medical  science,  especially  in 
tropical  medicine,  is  an  investigation  of  the  parasitic  protozoa.  So  many 
valuable  discoveries  have  been  liiade  in  the  study  of  these  organisms 
that  it  is  not  necessary  here  to  mention  them,  but  nevertheless  at  present 
the  knowledge  of  protozoology  is  not  so  far  advanced  as  that  of  bac- 
teriology. This  condition  may  be  ascribed  to  the  fact  that  on  the  one 
hand,  the  life  history  of  the  class  protozoa  is  most  complicated  and  on  the 
other,  the  protozoan  parasites  can  not  be  cultivated  so  easily  as  those  of 
bacterial  origin.  However,  the  efforts  of  several  workers  have  made  the 
study  of  the  pathogenic  protozoa  more  accessible.  The  mode  of  trans- 
mission of  Piroplasma  higemhn/m  was  clearly  demonstrated  by  Smith 
and  Kilborne;*  later  the  relation  of  mosquitoes  to  the  malarial  parasites 
was  discovered.  The  pure  culture  of  the  pathogenic  protozoa  outside 
of  the  living  body  was  first  accomplished  by  Novy  and  McNeal  ^  in  the 
case  of  Trypanosoma  Ivwisi.  These  fundamental  studies  have  thrown 
much  light  upon  the  methods  of  investigation  in  modern  protozoolog}'. 
It  is  my  belief  that  we  owe  so  much  to  your  countrymen  in  the  progress 
of  this  science  that  I  have  mentioned  their  admirable  investigations  in 
this  field  before  entering  upon  the  discussion  of  my  own  subject. 

Among  the  problems  in  modern  protozoiilogy  wliich  have  greatly 
attracted  the  attention  of  scientific  men,  that  one  connected  with  the 
view  of  the  late  Professor  Schaudinn  *  with  res]HHt  to  the  relation  of 
the  hiimoc*ytozoa  to  trypanosoinatu  may  1r'  mentioned.  Schaudinn  an- 
nouncetl  that  tin*  liiinKx^ytozoan  kno\ni  as  UnUendiiun  develops  into  a 
tTA'panosoma  in  the  body  of  the  mostpiito;  furthermore,  he  believes  that 

^Read  at  the  Fourth  Annual  Mooting  of  tho  Philippine  Islands  Medical  Asaocia- 
tion,  March  1,  1907. 

*Bull.  Bureau  of  An.  Industry,  U.  S.  Dopt.  of  Agr.   (1899). 
•Xovy  and  McNeal:   Contrib.  to  Mod.  Research   (1903),  549. 
*Arh.  a.  d.  k.  Osndhtsamte  (1903-04)   20,  387. 
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piroplasnia  may  fiiinilarly  assume  a  trypanosoma  form  in  the  course  of 
its  development.  However,  Novy  and  McNeal  °  reached  a  different 
conclusion  from  the  above  observer,  for  they  affirmed  definitely  that  the 
trypanosomata  of  birds  are  not  related  entirely  to  hamocytozoa  such  as 
Halteridium  and  Leucocytozoa. 

Again,  Rogers^  succeeded  in  securing  a  culture  of  the  small,  intracell- 
ular parasites  of  Kala-azar  known  as  the  IxMshman-Donovau  bodies, 
in  which  the  organisms  developed  into  large,  motile  flagellates,  most 
clowly  resembling  young  try])anos(>mata  which  had  not  yet  developed 
an  undulating  membrane. 

ThiLs,  our  problem  on  the  relation  of  hamocytozoa  to  trypanosomata 
becomes  more  com  plica  tcnl  and  must  be  settled  by  further  observations. 
For  this  reason  I  took  as  my  material  for  this  investigation  a  form  of 
bovine  piroplasma  which  is  readily  accessible  in  Japan,  and  made  some 
observaticms  in  cooperation  with  my  assistant  Dr.  Irikura. 

Observation  1, — In  a  paper "  **0n  the  Piroplasma  Found  in  Japanese 
Cattle.''  I  have,  witli  Dr.  Shil)ayama.  shown  that  a  large  percentage 
of  Japanese  cattle  is  infected  with  a  species  of  piroplasma  which  seems 
to  be  similar  to  the  parasite  of  coast  fever  (Piroplasma  parvum).  In  the 
course  of  an  extended  study  we  were  able  fairly  often  to  demonstrate  the 
same  parasites  in  the  l)lood  of  the  native  cattle  of  Korea.  These  parasites, 
found  in  apparently  healtl\\'  animals,  have  been  mostly  of  the  small 
])acillary  type,  the  large  pyriform  or  ring-shaped  bodies  only  being  seen 
occasionally.  II.  Koch  ®  in  one  of  his  latest  publications,  described  a 
peculiar  cross-form  which  distinguishes  Piroplasma  parvum  from  its  allied 
parasites.  Aft(T  a  prolonged  search  this  form  was  also  encountered  in 
the  blood  smears  prepared  from  our  native  cattle,  although  only  in  small 
niimbers  (PI.  I,  fig.  1).  However,  we  have  not  as  yet  observed  any 
symptoms  characteristic  of  coast  fever  in  our  infected  Japanese  cattle, 
although  the  para^^itt^  found  therein  might  morphologically  be  identical 
with  Piroplasma  parvum  Theiler.  ^Fhere  are  diverse  views  in  regard  to 
the  pyriform  body  of  this  spe<M(»s.  Some  observers  believe  that  the  pyri- 
form body  occasional V  met  with  in  the  blood  of  an  aninuil  suffering  from 
coast  f(»vcr  rather  re])rcseiits  a  mixed  infection  with  "Texas  fever,^'  while 
others  consider  it  to  be  a  distinct  form  occurring  in  the  life  cycle  of 
I^iropla^ma  parvum,  as  is  the  case  in  tlH»  otlier  varieties  of  this  group^ 
In  support  of  the  latter  view  it  may  be  stattxl  that  we  have  observed  the 
large  pyriform  body  occurring  regularly,  although  in  small  numbers,  in 
the  circulating  blood  of  every  infected  aninuil,  and  in  Japan  an  infection 
with  "J'exas  f(*ver  is  out  of  tiic  (piestion. 

'Am.  Med.   (1904),  8,  932. 

"Quart.  J.  Micr.  He.  Lond.    (1905),  48,  3G7. 

''  Ztschr.  f.  Ht/g.  u.  Infectionskrankh.,  Ix-ipz.    (1900)    54,   189. 

'Deutsche  med.  Wchnifch.    (1905),  47,   1805. 
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As  is  already  known,  the  parasite  Piroplasma  parvum  is  also  char- 
acterized by  the  fact  that  the  infection  can  not  l)e  transferred  by  the 
inoculation  of  the  blood  itself,  and  in  this  respect  we  have  observed  that 
it  differs  greatly  from  its  allied  organisms,  P.  higeminum,  P.  cams,  etc.; 
however,  on  the  other  it  shows  a  great  similarity  to  "Hsemoprotens" 
which  is  a  common  parasite  iu  the  l)lood  of  birds. 

Observation  2, — Since  tbe  discovery  of  the  important  role  taken  by 
ticks  in  infections  with  piroplasmata,  many  observ(»rs  liave  in  vain  endea- 
vored to  prove  the  existence  of  the  developmental  forms  in  the  bodies 
of  the  ticks  which  live  on  infected  animals.  Very  recently  an  actual 
demonstration  of  a  developmental  change  of  the  piroplasma  was  given 
for  the  first  time  by  R.  Koch."  He  described  certain  developmental 
forms  of  Piroplasma  higeniinvm  and  P.  parvum j  the  final  stages  of  which 
are  as  yet  unknowji.  After  his  work  was  published,  we  endeavored  to 
repeat  his  experiments  by  feeding  the  cattle  tick  Rhipicephahis  australLs, 
which  is  found  abundantly  on  the  native  cattle  of  Japan  and  is  regarded 
as  being  a  probable  carrier  of  Piroplasma  parvum.  After  several  unsuc- 
cessful trials,  my  efforts  were  directed  toward  the  cultural  method  by 
which  Rogers  and  other  observers  were  able  successfully  to  demonstrate 
the  flagellate  stage  of  the  Leishman-Donovan  bodies. 

The  following  different  culture  media  were  tested  in  our  preliminary 
experiments  on  the  cultivation  of  the  piroplasma:  blood  agar,  sodium 
citrate,  both  acidulated  and  nonacidulated ;  beef  extract,  peptone  water; 
calf's  serum;  physiologic  salt  solution;  common  bouillon,  etc.  On  the 
4th  of  July,  1906,  we  first  observed  a  few  motile  organisms  in  one  test  tube 
which  contained  a  small  amount  of  infected  blood  mixed  vrith  acidulated 
sodium  citrate  solution,  prepared  according  to  the  method  of  Rogers. 
The  entire  series  of  cultures  was  then  carefully  examined  but  no  evidence 
of  development  of  any  motile  organism  was  obtained  except  in  the 
bouillon  ones.  This  medium  was  apparently  the  most  favorable,  large 
flagellates  having  abundantly  dcv(»l()ped  tberein  after  four  days'  incuba- 
tion at  a  r(M)m  temperature.  Only  a  slight  multi})lication  of  the  or- 
ganisms took  place  in  the  lirst  culture  which  wc  obtained  in  acidulated 
sodium  citrate. 

The  length  of  tbe  organism  at  its  full-grown  stage,  as  it  is  observed 
in  cultures,  is  about  five  tinu^  ihi}  diameter  of  an  erythrocyte.  It,  at 
this  time,  possesses  a  well-defined  undulating  membrane  and  a  long 
flagellum.  Tht»  position  of  a  nucleus  and  blepharoplast  in  the  body  of 
the  flagellate  renders  it  impossible  to  distinguish  it  from  a  typical  try- 
panosoma  developed  in  a  culture.     (PI.  Ill,  tig.  2.) 

The  method  which  we  have  employed  is  a  simple  one,  and  is  practically 

*lbid  (1905)  47,  18G5,  and  Ztachr.  f.  Uyy.  u.  Infcctioftskrankh.,  Ix»ipz.  (1906) 
54,   I. 
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the  same  as  that  used  l)y  Kogei-s.  ^^  The  hlood  containing  intracellular 
parasites,  is  drawn  from  tlie  jugular  vein  and  then  quickly  defibrinated 
under  strict  precautions  so  as  to  avoid  bacterial  contamination;  it  is 
then  directly  mixiHl  with  ordinary  nutrient  bouillon  in  proportions  vary- 
ing from  one-fifth  to  one- tenth,  and  j)lacwl  aseptically  in  sterile  test- 
tubes  which  thereafter  are  maintained  at  a  temperature  of  20°  to  SO*'  C. 
The  development  of  the  parasites  in  a  successful  culture  takes  place  in 
the  following  manner:  On  the  first  day  no  motile  form  is  seen;  on  the 
second,  there  can  be  observed  a  certain  number  of  peculiar  cells  which 
occupy  the  upper  layer  of  sedimented  corpuscles  and  which  macro- 
scopically  appear  as  a  series  of  whitish  dot**.  Very  few  motile  forms 
resembling  typical  tr}'panosomata  are  visible  in  these  cells  on  the  third 
day  after  incubation,  but  thereafter  the  trypanosomata  multiply  vigor- 
ously and  reach  the  maximum  number  l)etwiH»n  the  teiith  and  fourteenth 
day.     (PI.  Ill,  fig.  12.) 

In  a  culture  kept  at  room  temperature,  the  trypanosomata  remain 
motile  until  fortv-five  davs  later,  at  this  time  most  of  them  have  imder- 
gone  degeneration  and  globular  cells  with  irregular  granulations  result. 
In  a  culture  preserve<l  at  a  lower  temperature,  ranging  from  10°  to  20° 
C,  the  organism  on  the  contrary  remains  alive  until  three  months 
after  the  maximum  number  has  been  reached.  It  is  noteworthy  that  sub- 
cultures are  also  readily  obtained  by  inoculating  from  the  original  strain 
into  a  new  blood  bouillon,  as  in  the  case  of  Trypanosoma  lewisi. 

The  most  important  factor  in  securing  the  multiplication  of  the  para- 
sites essentially  consists  in  great  precautions  in  avoiding  the  slightest 
contamination  with  bacteria,  as  is  the  case  with  other  cultures  of  protozoa. 

We  have  already  made  miscroscopical  examinations  of  the  blood  in 
over  200  cattle  and  among  them  not  one  has  proved  to  l>e  infected  with 
trypanosomata;  moreover,  all  varieties  of  l>ovine  try])anosomiasi8  are 
entirely  unknown  in  our  country,  at  least  up  to  the  present  time  no 
(me  has  demonstrated  a  case  of  such  infwtion. 

As  is  well  known,  there  are  many  protozoan  parasites  which  infect  a 
living  host  without  the  latter  manifesting  any  pathological  symptoms; 
it  is  also  a  fact  that  microscopic  examination  is  not  as  delicate  a  means 
for  the  deto<'tioii  of  a  small  number  of  parasites  as  is  the  cultural  method, 
which  is  osscntiallv  usod  in  tli(»  studv  of  bacteria.  From  a  consideration 
of  these  conditions  it  seems  more  natural  at  once  to  consider  the  tryp- 
anosoma-liko  flagellates  found  in  our  cultures  to  be  true  trypanosomata, 
which,  owing  to  their  extremely  small  number  in  the  original  blood, 
would  fail  of  detection  by  means  of  the  microsco])ical  examination  alone. 

However,  the  relation  between  piroplasma  and  trypanosoma,  although 
supporte<l  by  the  views  of  Schaudinn  and  other  observers,  is  still  a  question 
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of  much  interest  and  one  which  needs  further  investigation  and  therefore 
our  observations  on  the  parasites  were  extended  further.  The  results  of 
this  study  are  here  presented  in  as  brief  a  manner  as  possible. 

Observation  S. — Twenty-one  native  cattle  were  carefully  examined 
both  by  microscopic  and  cultural  methods  at  tlie  same  time.  Of  this 
number,  nine  were  showTi  by  microscopic  examination  to  be  infected  with 
Piroplasma  parvum;  in  only  seven  of  these  cases  were  the  flagellate 
organisms  found  in  the  cultures;  in  the  remaining  two,  the  cultures 
gave  no  growth  of  flagellates.  ^licroscopic  tests  failed  to  detect  any 
parasite  in  the  other  twelve  cases  and,  similarly,  the  cultural  method 
gave  a  negative  result.  Therefore,  the  almost  constant  occurrence  of 
piroplasma  in  the  blood  and  of  flagellates  in  the  culture  renders  the 
existence  of  certain  relations  between  them  very  probable  and  we  can 
hardly  regard  this  occurrence  as  a  merely  accidental  phenomenon. 

I  have  also  ascertained  the  minimum  doses  of  infected  blood  which 
would  give  a  growth  of  the  flagellates  in  cultures.  For  this  purpose  a 
freshly  prepared  culture  medium  was  used,  which  consisted  of  the  blood 
of  an  uninfected  calf  or  rabbit  and  common  bouillon.  Each  tube 
of  the  blood-bouillon  was  inoculated  with  a  different  amount  of  the 
infected  blood  which  harbored  a  fair  number  of  intraglobular  parasites. 
I  have  obtained  some  interesting  results  from  a  series  of  experiments 
along  this  line,  namely,  that  the  cjuantity  of  the  incubated  material  is 
a  matter  of  indifference  in  respect  to  the  development  of  trypanosomata 
in  the  cultures,  since  one  platinum-loop  full  of  the  blood  gave  exactly 
the  same  result  as  if  one  cubic  centimeter  of  the  same  material  was  used. 
In  other  words,  the  germ  which  gives  rise  to  tr^^panosomata  in  the 
culture  exists  even  in  so  small  an  amount  of  the  blood  as  one  platinum 
loop- full,  or  one  drop.  These  facts  suggested  a  possible  means  of 
detecting  the  flagellates  by  direct  blood  examination,  if  they  exist  origi- 
nally in  the  blood  of  an  infected  calf.  However,  a  large  number  of  blood 
preparations,  both  fresh  and  stained,  were  thoroughly  investigated,  but 
no  flagellates  were  observed.  This  mode  of  observation  was  repeated 
several  times,  but  every  series  gave  negative  results.  Furthermore,  we 
have  centrifugated  a  mixture  of  the  infected  blood  and  salt-solution  at 
a  low  temperature,  to  prevent  a  possible  development  of  the  parasites. 
The  sediment  was  than  removed  drop  by  drop  from  the  upper  layer  of 
•  the  centrifugated  material  and  subjected  to  can^ful  microscopic  examina- 
tion. It  was  expected  by  this  procedure  to  obtain  direct  evidence  of  the 
existence  of  trypanosomata  in  the  blood,  but  our  trials  failed  to  <lctect 
any  motile  or  flagellated  organism. 

Observation  4. — The  most  effective  evidence  in  favor  of  the  view  that 
the  flagellates  originate  in  the  culture  may  be  secured  by  a  morphologic 
study  of  each  developmental  stage  of  the  parasites,  but  many  difficulties 
are  encountered  in  such  investigations.     On  the  one  hand  the  scanty 
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number  of  the  pyrifonn  bodies  in  the  material  treate<l  renders  the  work 
most  difficult  and  on  the  other,  when  a  flagellate  once  starts  to  develop 
in  the  culture,  it  multiplies  so  quickly  as  very  much  to  interfere  with  the 
work  of  tracing  each  developmental  stage.  After  extensive  researches, 
certain  interesting  fonns  of  the  parasites  were  found  in  the  stained 
films  prepared  from  young  cultures,  which  afterwards  gave  a  growth  of 
numerous  trypanosomata.  Soon  after  the  culture  was  made,  a  few  round 
cells,  which  morphologically  were  identical  with  the  free  pyrifonn  bodies, 
were  seen  in  stained  preparations.  (PI.  I,  fig.  2.)  Within  the  first 
twentv-four  hours  after  incu])ation,  the  diameter  of  the  round  cells 
(PI.  I,  fig.  3)  increased,  and  it  finally  became  twice  that  of  an  erythro- 
cyte. Associated  with  the  enlarged  cells  there  also  were  irregular  amoe- 
boid forms  (PL  I,  fig.  4)  similar  to  the  former  in  nature.  In  this  stage 
the  chromatin  of  the  cells  was  distributed  more  or  less  irregularly  in 
the  cytoplasm ;  in  some  it  was  diffused  throughout,  while  in  others,  dis- 
tinct chromatin  granules  were  demonstrable.  A  further  advanced  stage 
of  the  parasites  which  occurred  in  cultures  was  a  vacuolated,  globular 
form  which  retained  its  staining  property  just  as  nonvacuolated  cells  do. 
(PL  II,  fig.  5.)  As  a  result  of  the  distension  of  the  vacuole,  the  parasite 
gradually  assumed  the  shape  of  a  large  ring,  of  which  the  thickest  part 
contained  some  chromatic  dust.  (PL  II,  fig.  6.)  In  addition  to  these, 
there  were  many  degenerated  cells  of  an  allied  nature,  which  were  prin- 
cipally characterized  by  the  numerous  vacuoles  and  hypertrophic  chroma- 
tin. (PL  II,  fig.  7.)  The  change  which  took  place  within  the  next 
twenty-four  hours  was  very  interesting.  The  ring-shaped  cells  (PL  II. 
fig.  8)  in  which  the  chromatic  dust  had  already  become  rearranged  so  as 
to  form  a  large  nucleus  and  a  small  blepharoblast,  transformed  themselves 
into  spindle-shaped  organisms  in  which  no  visible  flagella  were  present. 
Associated  with  this  form  was  observed  the  flagellated  motile  parasite 
(PL  III,  fig.  9)  which  morphologically  was  almost  identical  with  the 
former. 

Finally,  in  the  72-hour  culture  we  obtained  a  flagellated  form  showing 
the  development  of  an  undulating  membrane.  The  size  of  this  form, 
which  was  that  of  a  typical  trypanosoma,  increascnl  and  afterwards  it 
multiplied  in  the  manner  usual  for  true  trypanosomata — that  is,  by  long- 
itudinal fission  (PL  in,  figs.  10  and  11) — thereafter,  as  has  already 
l)wn  mentioned,  the  fullgrown  and  divisional  forms  increased  in  number.*^ 

The  recent  observation  of  K.  Koch  ^^  in  regard  to  the  developmental 
clmnges  of  piroj)lasnia  are  of  great  interest,  for  he  described  several  forms 
encountered  in  the  body  of  ticks  wliich  in  some  respects  resemble  those 
obtained  by  us  in  culture.     In  the  first  place,  his  most  predominating 

"  A   detailed    account   of   these   developmental    forms   of   Piroplasma   parvum 
must  be  left  for  our  more  complete  paper  on  the  subject. 
^Deutsche  Med.  Wchnsch.   (1905),  47,   186.5. 
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forms  are  peculiar  cells,  provided  with  numerous  fine,  protoplasmic  proc- 
esses; furthermore,  he  described  a  large,  rounded  form  and  a  club- 
shaped  parasite  which  closely  resembled  the  ookinetes  of  Plasmodium  and 
Halteridium.  These  important  observations  were  later  confirmed  by 
Kleine*'  who  used  a  different  method  of  investigation.  He  secureil  a 
culture  of  canine  piroplasma  In'  diluting  the  infected  blood  with  salt 
solution  and  was  also  able  to  demonstrate  the  ])eculiar,  star-shaped  cells 
and  globular  forms  in  his  cultures.  The  further  developmental  forms, 
after  the  majority  of  the  cells  had  undergone  degenerative  change,  did 
not  appear  in  cultures  of  Piroplasma  canis. 

In  comparing  the  results  obtained  by  both  of  these  authors  with  our 
own,  we  find  many  points  of  resemblance  in  respect  to  the  morphological 
features  of  the  parasites.  The  star-shaped  fonns  described  by  Koch 
and  Kleine  probably  correspond  to  the  amoeboid  cells  (PI.  I,  fig.  4) 
found  in  the  early  developmental  stage  of  our  parasite,  though  the  latter 
does  not  possess  such  a  fine  plasmic  process  as  the  former.  The  globular 
cells  (PI.  I,  fig.  3;  PI.  U,  figs.  5  and  6)  are  a  common  form  occurring 
in  the  development  of  all  cases,  and  the  club-shaped  ones  figured  by 
Koch  seem  to  correspond  to  the  first  stage  of  the  motile  flagellate  observed 
with  our  parasite.  On  the  other  hand,  the  successful  culture  of  the 
intracellular  parasite  was  first  accomplished  by  Eogers  with  the  Leishman- 
Donovan  bodies.  The  facts  demonstrated  by  the  above-mentioned  authors 
therefore  greatly  support  our  own  oljservations.  It  may  l)e  well  here  to 
add  that  the  mode  of  formation  of  a  flagellated  form  in  the  case  of  our 
parasite  is  apparently  different  from  that  of  others;  especially  does  it 
differ  from  that  of  the  Leishmania  donovani.  which  transforms  to  the 
flagellate  by  direct  elongation  of  an  enlarged  globular  form,  whereas  the 
piroplasma,  according  to  our  observations,  develops  in  the  unusual  man- 
ner described  above. 

Ohservaiion  5. — The  final  means  bv  which  we  are  able  to  reach  a 
definite  conclusion  in  respect  to  the  trypanosomata  consists  of  animal 
experiments  with  the  cultures.  It  is  a  well-known  fact  that  with  the 
parasite  of  coast  fever  (Piroplasma  parvum)  the  direct  inoculation  of  the 
blood  into  cattle,  even  in  a  large  amount,  always  fails  to  give  rise  to  in- 
fection with  the  appearance  of  parasites  in  the  animal  so  inoculated,  and 
as  regards  this  point  the  parasites  investigated  by  us  were  already  proved 
to  be  identical  with  Piropla.^ma  parvum.  We  selected  three  calves  which, 
after  repeated  examinations  by  microscopic  and  cultural  methods,  were 
demonstrated  to  be  fn»e  from  parasites.  The  animals  were  then  in- 
oculated with  a  culture  containing  motile  trypanosomata  in  abundance 
and  as  a  necessary  prerecjuisitc  to  the  successful  completion  of  the 
experiment,  they  were  kept  under  such  conditions  that  danger  of  infec- 
tion from  any  source,  espei'ially   from  ticks,  was  avoide<l.     The  blood 
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of  the  calves,  after  the  injection,  was  microscopically  and  culturally  ex- 
amined from  time  to  time.  One  of  the  animals  proved  itself  to  be 
refractive,  as  is  observed  in  the  case  of  the  direct  inoculation  of  the 
infected  blood.  However,  the  others  were  infected  with  parasites,  which 
fact  was  first  proved  by  the  cultural  method  and  later  demonstrated  to 
be  the  case  microscopically.  In  one  instance,  eight  days  after  inocula- 
tion, the  blood  of  the  susceptible  animal  began  to  give  a  growth  of  the 
flagellated  parasite  in  culture,  whereas  seventeen  days  later  by  the  aid  of 
the  microscope  alone,  the  intracellular  parasites  were  visible  in  the  same 
animal.  (PI.  Ill,  fig.  12.)  The  number  of  our  experiments  on  animals 
is  not  as  yet  sufficiently  large  for  us  definitely  to  give  the  duration  of 
incubation  of  the  infection  and  other  details. 

The  foregoing  discussion  brings  us  to  the  following  conclusions : 

1.  A  variety  of  hamocytozoa  known  as  Piroplasma  parvum  can  readily 
be  cultivated  outside  of  the  living  body. 

2.  The  parasites  undergo  the  developmental  change  in  blood-bouillon 
and  finally  take  the  form  of  a  typical  trypanosoma.  This  trypanosoma 
can  not  be  detected  in  the  blood  of  infected  animals. 

3.  A  simple  mixture  of  blood  and  bouillon  is  the  most  suitable  medium 
for  the  cultivation  of  protozoa  such  as  Piroplasma  parvum  and  Trypan- 
osoma lewisi. 
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Plate  I. 

Fig.  1.  Blood  smear  from  a  calf  inoculated  with  a  culture  containing  many 
trypanosomata ;  a  typical  cross-shaped  form  and  many  intraglobular 
parasites.     Mag  about  1050X1. 

2.  Swelling  of  intracellular  parasite  after  the  blood  is  drawn  from  a  naturally 

infected  calf.     Mag.  1570X1. 

3.  Extracellular  globular  parasite  in  a  three  hours'  culture  at  25®  C.     Mag. 

1570. 

4.  Amoeboid  parasite  in  n  three  hours'  culture  at  25°  to  30°  C.     Mag.  1580. 

Plate  II. 

Fig.  5.  Large,  globular  parasite  with  two  small  vacuoles  developed  in  twenty 
hours'  culture  at  25°  to  30°  C.     Mag.  1570. 

6.  Large  globular  forms  with  one  large  vacuole  developed  in  twenty  hours' 

culture  at  25°  C.     Mag.  1570. 

7.  Irregular,  large,  vacuolated  forms  occurring  in  forty-eight  hours'  culture 

at  25°  C.     Mag.  1100. 

8.  More  advanced  stage  in  the  development  of  the  globular  parasite.     Body 

crescenti^.     Forty-eight  hours'  culture  at  25°  C.     Mag.  1305. 

Plate  111.  * 

Fio.  9.  Flagellated  form  occurring  in  a  forty-eight  hours'  culture  at  25°  to  30°  C. 
Mag.  1570. 

10.  Enlarged   flagellate   possessing  two  ble])haropla8ts   and   flagella   with   but 

a  single  nucleus;   preliminary  divisional  form  occurring  in  three  days* 
culture  at  25°.     Mag.  1305. 

11.  Smear  from  a  four  days'  culture  grown  at  room  temperature  (20°  to  27°  C.) , 

showing    (o)    typical,  dividing  trypanosoma ;    (6)    a  slender   flagellated 
form.     Mag.  1305. 

12.  Smear  from  seven  days'  culture  incubated  at  room  temperature    (20°  to 

27°  C.)      Showing  numerous  trypanosomata.     Mag.  820. 
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I.    INTRODUCTION. 

Having  been  instructed  by  the  Surgeon-General  of  the  Army  to  in- 
vestigate the  cause  of  dengue  and  to  determine  the  possibility  of  the 
transmission  of  the  disease  by  mosquitoes,  we  undertook  the  experiments 
to  be  detailed  below  when  the  opportunity  was  afforded  us  by  the  occur- 
rence of  the  disease  in  epidemic  form  at  Fort  William  McKinley,  Province 
of  llizal,  Luzon,  P.  I.,  5  miles  out  of  Manila. 

The  incidental  investigation  of  available  literature  on  the  subject  in- 
dicated to  our  minds  that  a  brief  discussion  of  all  the  features  and  phases 
of  tlie  disease  would  not  be  out  of  place,  as  there  are  discrepancies  to  be 
reconciled  and  certain  doubts  to  be  settled,  some  of  which  *may  possibly 
be  ended  by  our  conclusions,  wliile  on  the  other  hand  s^mie  points  on 
which  our  experiments  leave  us  in  doubt  seem  to  be  strengthened  by  the 
history  of  the  disease  as  recorded  in  the  literature. 

The  literature  has  not  been  nearlv  as  accessible  to  us  as  we  could 
wish,  and  several  articles,  both  old  and  new,  which  we  desired  to  consult, 
were  not  available. 

The  first  (juestion  that  merits  discussion  in  the  consideration  of  this 
disease  concerns  its  existence  as  a  disease  entity.  At  times  the  question 
of  identity  with  influenza  has  been  raised. 

However,  in  our  opinion,  the  study  of  the  writings  of  those  men  who 
have  had  experience  with  dengue  should  promptly  and  finally  settle  the 
question.  The  agreement  in  the  descriptions  from  1827  and  1828,  when 
Dickson,  Squaer,  Osgood,  Dumaresq  and  others  wrote  of  the  disease,  down 
to  the  latest  articles  accessible,  such  as  those  of  Guiteras  and  Cartaya,  is 
remarkable,  while  the  almost  simultaneous  ap])earance  from  opposite  sides 
of  the  world  of  two  reports  agreeing  so  closely  throughout  as  do  those  of 
the  Australian  committee  and  of  Guiteras  and  Cartaya,  is  even  more 
striking,  and  the  clinical  picture  drawn  from  these  writings  from  almost 
a  century  of  literature  and  from  every  part  of  the  tropical  and  sub-' 
tropical  world  is  quite  distinct  and  unique.  It  has  very  little  in  common 
with  the  picture  of  influenza,  and  many  points  of  difference,  and  in  our 
opinion  it  would  be  only  the  exceptional  case  that  would  give  rise  to 
confusion. 

ir.    EriDEMIOLOGY. 
1.   IIISTOBY. 

The  written  liistory  of  dengue  extends  back  clearly  aa  far  as  1827,  while  it 
is  quite  probable  that  it  was  reciignized  and  described  much  earlier:  By  Rush  (1), 
in  1780,  as  "bilious  remittent  fever;"  by  Boylon,  in  Java,  in  1779,  while 
Thomas  (3),  speaks  of  Pazzio  describing  an  epidemic  in  Seville,  in  1764-68,  which 
was  traced  to  iVfrica.  Dickson's  (2)  writings,  however,  first  brought  the  question 
into  prominence,  at  least  with  Americans,  and  his  observations  and  descriptions 
are  applicable  to  the  disease  as  it  occurs  to-day. 

The  number  of  writers,  from  the  earliest  down  to  the  present,  who  have 
likened  the  disease,  in  its  causation  and  spread,  to  yellow  fever,  is  very  striking. 
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Foster  says  that  most  of  them  have  considered  it  a  modified  yellow  fever.  We 
do  not  so  infer  from  such  literature  as  we  have  seen.  They  speak  of  it  as 
having  a  common  cause,  but  as  these  statements  were  made  before  the  specific 
causes  of  any  of  the  fevers  were  known,  we  take  it  that  the  writers  meant  merely 
that  the  cause  of  both  was  a  "miasm,"  an  atmospheric  condition,  the  state  of  the 
ground  water,  etc.  We  have  not  found  any  autlior  who  states  that  the  one 
disease  may  arise  from  the  other. 

The  disease  has  occurred  in  most  widespread  epidemics  in  the  tropical  and 
subtropical  world,  not  only  covering  large  areas  of  country,  but  attacking  a 
greater  proportion  of  the  inhabitants  than  probably  any  other  known  disease,  and 
usually  also  afTecting  most  of  the  other  members  of  a  family  after  one  has  been 
attadced.  That  being  the  case,  it  is  rather  surprising  that  a  belief  in  its 
contagiousness  has  not  been  practically  universal. 

As  a  matter  of  fact,  only  a  minority  of  the  authorities  whose  writings  are 
accessible  to  us  have  expressed  an  unqualified  belief  in  its  contagiousness,  while 
many  have  rejected  it  entirely. 

Dickson  considered  it  very  highly  contagious,  while  many  of  his  contemporaries 
liken  it  to  yellow  fever  in  its  manner  of  progression.  Most  writers  express  them- 
selves as  in  doubt  on  the  subject.  Wragg  denied  contagiousness,  as  did  Horlbeck 
(4). 

Holliday  (6)  wrote  to  sixty  practitioners  who  had  large  experience  with  the 
disease,  asking  their  opinions  as  to  its  contagiousness.  Forty-five  replied  that 
it  was  simply  epidemic,  four  that  it  was  contagious,  two  were  in  doubt,  and  the 
rest  did  not  answer. 

One  point  on  which  the  writers,  from  first  to  last,  almost  unanimously  agi-ee 
is  the  influence  of  atmospheric  conditions.  Hot,  sultry  weather,  with  abundant 
rains,  is  by  all  thought  to  favor  the  occurrence  of  epidemics.  Nearly  all  also  agree 
in  stating  that  lowlands,  seaports,  the  deltas  of  rivers  and  the  neighborhood  of 
marshes,  are  favorable  places  for  the  occurrence  of  the  disease,  while  it  seldom 
prevails  extensively  inland,  and  almost  never  at  high  altitudes. 

If,  in  addition  to  this,  we  consider  that  it  is  a  tropical  disease,  only  extending 
as  far  north  as  our  (>ulf  States  and  Charleston  in  the  sununer,  usually  about 
August,  and  dying  out  with  the  coming  of  frost  (6),  we  have  one  of  the  reasons 
for  likening  it  to  yellow  fever.  Epidemics  have  possibly  occurred  in  Philadelphia 
in  1780,  and  Ohio,  in  1828,  though  we  have  not  had  access  to  the  original  accounts 
of  these  outbreaks,  but  it  was  only  in  the  hottest  part  of  the  year  in  each  instance. 

Guiteras  and  Cartaya  (7)  say:  "Dengue  presents  in  its  epidemiology  a  great 
resemblance  to  mosquito- borne  disease,  especially  yellow  fever.  Epidemics  appear 
in  the  hot  season,  even  in  the  Tropics.  It  selects  by  preference  the  great  seaports, 
the  coast,  and  avoids  the  interior  highlands.  W>  meet  places  in  which  infection 
persists,  epidemics  which  develop  slowly  in  the  beginning.  If  it  then  spreads 
rapidly  it  is  because  of  the  shortness  of  the  incubation  and  the  presence  of  many 
susceptible  people.  ♦  ♦  ♦  E\'erythi ng  indicates  that  its  transmission  is  not 
direct  from  sick  to  well.  *  *  *  It  is  common  for  a  sick  person  to  be  taken  to 
a  place  where  dengue  does  not  exist,  and  no  harm  result.  *  *  *  In  Havana 
itself,  and  at  the  very  height  of  the  epidemic,  there  was  a  place  in  which  the  disease 
did  not  spread,  simply  because  of  freedom  from  insects.  In  Las  Animas  (Hos- 
pital) we  have  treated  a  good  number  of  cases  in  the  same  rooms  with  other 
patients  ♦  •  ♦  without  any  contracting  dengue.  We  have  treated  the  greater 
part  of  our  cases  in  the  pavilion  used  for  infectious  diseases  of  known  means  of 
transmission,  a  pavilion  protected  against  insects  by  metallic  screening  and 
frequent  fumigation  to  kill  mosquitoes,  but  where  other  disinfection  was  not 
practiced,  and  still  dengue  has  not  been  transmitted  to  anyone." 
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They  also  speak  of  some  experiments  they  made  on  mosquito  transmission, 
but  they  do  not  publish  the  work,  and  state  that  they  attadi  little  value  to  it. 

Cazamain  (8),  in  reporting  an  epidemic  on  the  French  ship  Kersaint,  suggests 
the  possibility  of  the  mosquito  acting  as  a  ''carrier." 

The  Australian  committee  (Robertson)  report  (9)  says:  "It  is  undoubtedly 
highly  infectious,  but  clinical  observation  does  not  enable  us  to  form  any  definite 
opinion  as  to  the  mode  in  which  tlic  infection  is  carried  from  person  to  person.  In 
some  respectH  the  spread  of  the  disease  suggests  some  peculiarity  in  the  method  ot 
propagation  differing  from  that  of  the  well-known  diseases,  influenza,  scarlet 
fever,  measles,  etc.  It  appeared  to  spread  particularly  to  contiguous  houses, 
whole  streets  being  attacked  seriatim.  One  observation  appears  to  have  some 
bearing  on  the  method  of  propagation.  Tliat  is,  the  medical  men  have,  in  many 
instances,  appeared  immune  to  the  disease,  although  exposed  to  it  daily,  indeed 
hourly,  until  cases  appeared  in  their  own  households,  when  th^  fell  victims, 
being  usually  among  the  last  members  of  the  households  to  be  attacked." 

Hirsch  (10)  says  that  its  infectiousness  is  certain,  its  contagiousness  doubtful, 
but  he  gives  some  significant  quotations  that  suggest  mosquito  transmission.  Thus 
he  quoted  Waring  (North  Amer.  M.  &  S.  Jour.,  1830)  as  saying  of  the  eiHdemic 
of  1826,  "the  breakbone  fever  has  been  suppressed  by  the  frost,"  and  of  that 
of  1828,  "it  terminates  under  the  effect  of  frost."  Arnold  (11)  he  quotes  as 
follows:  "This  disease  is  undoubtedly  affected  by  frost.  The  diminution  of  cases 
last  fall  was  as  marked  as  the  diminution  in  our  endemic  climate  [yellow]  fever 
usually  is." 

Speaking  of  the  Madras  epidemic  of  1872  Hirsch  says  that  it  ended  in  the 
middle  of  October  with  the  onset  of  strong  winds  and  colder  weather.  He  also 
cites  instances  to  show  that  freedom  from  epidemics  is  conferred  by  altitude. 

Leichtenstern  (12),  although  regarding  the  disease  as  contagious,  makes  the 
following  suggestive  obserx^ations  concerning  it: 

1.  It  is  a  disease  of  tropical  and  subtropical  zones,  and  in  these  zones  it  has 
a  marked  preference  for  the  hot  season,  and  almost  always  ends,  as  if  suddenly 
cut  off,  on  the  recurrence  of  cold  weather  or  the  beginning  of  the  cool  season. 

2.  It  is  a  disease  of  sea  coasts  and  ports,  and  coast  cities,  and  may  go  up  large 
navigable  streams,  as  the  Mississippi.  It  rarely  occurs  inland  or  at  high  altitudes. 
When  it  went  4,000  feet  high  on  Lebanon  in  1889  the  season  was  exceptionally 
hot. 

3.  He  considers  it  a  "highly  contagious"  disease,  carried  by  ships,  pilgrims 
and  emigrants;  nevertheless,  contagion  alone,  in  the  strict  sense  of  the  term, 
can  not  satisfactorily  explain  its  occurrence  and  spread. 

4.  He  calls  it  contagious-miasmatic;  that  is,  it  is  contagious  from  person  to 
person,  but  only  under  certain  conditions  of  time  and  place. 

5.  He  likens  its  manner  of  spread  (he  wrote  prior  to  the  work  of  Reed,  Carroll, 
et  al.)  to  tliat  of  yellow^  fever. 

Sandwith  (13),  writing  of  the  disease  in  Egypt,  says  it  always  begins  in 
August  and  September,  witli  the  rains,  and  ends  in  December,  when  colder  weather 
begins.  In  speakiujr  of  its  relation  to  surface  water  he  says:  "The  conclusion 
would  seem  to  be  tliat  dengue,  with  its  unexplained  affection  for  coasts,  rainy 
seasons  and  large  rivers,  only  appears  in  Kgypt  when  the  Nile  is  in  its  annual 
flood."  He  believed  the  disease  to  be  contagious  but  cites  instances  that  appear 
to  point  to  some  other  method  of  diffusion. 

Smart  (14)  likened  tlie  disease  in  some  ways  to  yellow  fever  but  said:  "There 
is  sufficient   evidence  of  its  infectious,  if  not  of  its  contagious  properties." 

Fayrer  (15)  say.**:  "Tlie  degree  of  eonimunicability  as  well  as  the  work  of 
eouununication  can,  however,  hardly  be  regarded  as  a  settled  question."  He 
quotes  diaries  as  expressing  "his  l>elief  that  wlien  tlie  eruption  is  out  the  danger 
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of  commiinicability  is  greatest  and  that  on  or  about  the  tenth  day,  when  the 
eruption  has  disappeared  and  after  carbolic-acid  baths,  the  danger  of  communica- 
tion ceases."  We  think  that  this  observation  is  probably  correct,  but  explainable 
quite  apart  from  any  belief  in  direct  contagion. 

Fayrer  quotes  many  Indian  medical  officers  who  express  most  diverse  views 
concerning  the  epidemiology  of  the  disease,  yet  nearly  all  seem  to  be  readily 
accounted  for  under  a  theory  of  mosquito  transmission. 

Manson  (16)  does  not  express  himself  as  believing  in  any  special  method  of 
propagation,  though  he  quotes  Graham's  work. 

Van  der  Burg  (17)  says  that  epidemics  are  most  conmion  in  the  hot,  moist 
season,  and  cease  when  the  weather  grows  cooler,  especially  if  very  heavy  rains 
occur,  accompanied  by  cool  winds.  He  thinks  that  dengue  is  very  probably 
contagious,  but  that  the  contagious  principle  is  different  in  character  from  that 
of  smallpox,  epidemic  influenza'  and  like  diseases.  He  states  that  unknown 
exogenous  conditions  are  necessary  for  its  spread,  wherefore  many  regard  it  as 
a  "oantagioua-miasmatic  disease.*^ 

Scheube  (18)  says  that  the  question  of  contagion  is  still  undecided,  but  he 
considers  the  disease  one  requiring  ununual  conditions  for  its  spread. 

Agramonte  (19)  expresses  the  belief  that  the  disease  may  exist  in  a  latent 
state  for  weeks,  under  conditions  not  as  yet  well  recognized. 

Stitt  (20)  says  that  the  disease  is  not  infectious  in  the  same  sense  as  is 
influenza. 

Harris  Graham  (21)  in  1903  expressed  his  definite  belief  that  the  disease  is 
transmitted  by  mosquitoes,  and  cited  some  interesting  experiments  in  support  of 
his  belief.  This  belief  seemed  well  foimded,  and  the  experiments  in  support  of  it 
almost  conclusive,  but  the  value  of  his  work  was  impaired  by  the  fact  that  in 
the  same  paper  he  described  as  the  etiologic  factor  an  intracorpuscular  ''organism 
with  amoeboid  movement,  and  in  many  ways  resembling  the  Plasmodium  malarias." 

It  is  probable  that  many  workers,  having  satisfied  themselves  that  such  an 
organism  did  not  exist  in  the  blood  of  dengue,  concluded  that  Graham  had  worked 
with  some  other  disease,  and  so  did  not  recognize  the  real  importance  of  his  work. 
We  are  unable  to  believe  that  the  disease  is  characterized  by  the  presence  of  any 
organism  microscopically  resembling  that  of  malaria,  but  we  think  that  our 
observations  do  lend  support  to  Graham's  conclusions  as  to  mosquito  transmission. 

Carpenter  and  Sutton  (22)  failed  to  transmit  the  disease  by  means  of  mosquito 
bites,  but  we  think  that  we  can  explain  their  failure  more  readily  than  we  can 
the  negative  results  which  we  obtained  in  some  of  our  own  experiments. 

2.    THE   FOBT    WILLIAM   M'KINLEY   EPIDEMIC. 

The  epidemic  froui  which  we  drew  our  cases  is  of  great  interest,  as 
we  think  that  its  history  fully  supports  our  belief  that  the  disease  is 
mosquito-borne.  Fort  William  ^fcKinley  is  situated  about  5  miles  from 
the  city  of  Manila,  upon  rolling  land  consisting  of  slight  elevations 
interspersed  with  low,  damp  country.  There  are  stationed  at  this  post 
two  raiments  of  infantry,  two  squadrons  of  cavalry,  one  battery  of  field 
artillery  and  one  company  of  engineers. 

The  infantry  barracks  are  situated  near  a  small  stream  which  drains 
the  lowest  part  of  the  post  in  their  vicinity.  This  stream  is  overgrown 
with  a  rank  tropical  vegetation  and  is  an  ideal  breeding-place  for 
mosquitoes.  The  epidemic  began  in  the  barracks  of  the  Sixteenth  In- 
fantry, which  is  situated  nearer  this  stream  than  any  of  the  other  barracks 
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of  the  post.  From  the  Sixteenth  Infantry  the  infection  spread  to  the 
Thirteenth,  and  from  the  Thirteenth  to  the  contiguous  barracks  of  the 
Eighth  Cavalry.  It  is  significant  that  the  battery  of  Field  Artillery  and 
the  company  of  United  States  Engineers  almost  entirely  escaped  the 
infection,  and  that  their  barracks  are  situated  at  least  2  miles  from  this 
stream,  upon  high,  well-drained  land. 

The  tables,  and  map  which  follow  show  the  manner  in  which  the  disease 
spread  from  barrack  to  barrack  and  through  the  post.  The  stream 
mentioned  is  indicated  upon  the  map  in  red. 

T(M'  illuHtratiutj  the  it]trffuf  of  (fetigiiffn'er  at  Fort  Wiiiinm  yfcKinUnj  fntm  July  1^  J9()Hy 

to  November  /,  1906, 


Or^nization 
Hnd  date. 


o  a 


Company  A  .     20 

Julyl 

July  2  ._ 

Julys 

Julys 

July  9 — 

July  10 ' 

July  12 _-. 

July  13 

July  15 

July  17  __ 

July  18 

July  22 

July  25 

July  27 

July  30 

August  1 

• 

August? 

Company  B..'    26 

July  7 

July  9 

July  10 ' 

July  11 I 

July  12 

July  13  _ 

July  15 

July  16 

July  17 

July  18  __. ..! 

July  19  ._ 

July  20 j 

July  21 

July  22  — _i 

July  23 

July  27 

August  1 

Augusts -- 


SIXTEENTH  INFANTRY. 


Organization 
and  date. 


Company  C 

July  2 I 

July  12 

July  16 

July  18  .. 

July  20 

July  21 

July  22 

July  23 

July  24 __ 

July  25 

July  26 

July  28 

August  1 

August  2 

August  5 

August  11 

August  16 

August  24 _ 

Company  I) . 

July  5 

July  12  _ 

July  14 

July  16 

July  17 -- 

July  18  — 

July  19 

July  20 

July  23  .   

July  26 

July  27 

July  29 

August  1 

August  4 

August  7 

.\UgU8t  8 

September  10 


o 
55 


3 
2 
2 
1 
2 


24 


Organization 
and  date. 


o 
2 


Organization 
and  date. 


o  a 


Company  I>— " 
Continued. 

OctolM»r28 

Company  E.. 
July  22 _.j 

Company  F.- 
July 17 

August  5 

August  9 

Company  G-. 

July  20 

July  23    . 

August  6 

Augiu«t7 -_. 

August  8 ._! 

August  9 


Company  H  . 

July  18 

July  24 

August  2 

August  4 

August  5 -. 

August  7 

Company  I  ._ 

July  26  _-. 

July  30 

August  4  ._ 

August  9  _ _. 

August  14 

August  15 

August  18 

August  19 

August  21 

August  22 


8 


12 


Company  K*. 

Company  L— '    24 

July  13 

July  15 

July  17 

July  18 

July  22 

July  24 I 

July  25 

July  27 

July  80 _ 

August  1 

Augusts 

August  6 

August  9 

August  11 

August  14 

August  20 

September  9 

September  10 

September  14 

September  20 

Company  M . 

July  25 

July  30 

August  8 

August? 

August  24 

August  28 ^ 

August  29 

Band 


2 


July  29 

September  11 

Octobers 


Totol 


■Not  on  duty  at  post. 
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THIRTKEKTH  INFANTRY. 


July  i; .. 
July  12 .. 
July  H  .. 
July  K  ._ 


Jnlfia.- 
I  July  H  - 
I    Jnlyli.. 


July  28 -— 

JulirSO I 

I  CampSDy  E. 

AugoatU - 

September  11 ..  . 
Septemberll.— i 
8eptanber3«.... 


CotnpKny  K—  ' 

I  OcrolwrlO 

I  Otloberli - 

OttoberSl j 

I         Company  F_; 

AuguatSO _l, 

j  Septtmber* i 

September  tfl_._.i 


Company  G  . 

I  August  10 

I  Stplembcrr. | 

I  9ciitPmber2iJ>_.. 
Company  H  .] 

'i  Sciilemburs 

SepU'niliorJ 

I  SeplemlierB 

SepleniUTll 

September  l« 

^  8cptombi'ra)_._. 

September  21 

SeptembfrZJ.... 
September  lie 
September  'i» . 

Beptemlier  Su 


I      Olmiulwtliin 
I         nncl  date, 

Companv  H— 

ronlfnued. 

||  October  10 

I  Oelohetl'J 

II  ■""'"•- 

I        Company  I  . 

1  July  a7 __._ 

July  » 

I  AHgll.121 

I  September  3 

I  SeptembiTJ 

■  September* 

[  September  10  .... 
j  September  12... 

.  September  13 

I  September  16 .... 
I  September  a)  .... 

I  Company  K  _ 

II  July  14 

I  July  22 

II  July  25 

j!  July '27 

'  AUgUsH 


I  I  September  2C 
'    I  October  n.. 


I  September 4-- 
I  Septembers.- 
'  Septembers.. 
I|  SepU'mUTlO. 

I  September  16. 
I  Septemlwr  18_. 
N  September  lu. 
I|  September 24.. 


I,  AuBUifje  ... 
I  September  in 

■  Septimibi'rM 

■  IK'lolH.'ra'i.-. 


(IclobcrN. 


Total 2»H    , 


100 
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Table  illtistrating  the  ttprmd  of  denguf  fever  a4  Fort  Williain  McKirdey  from  July  1,  1906, 

to  November  /,  1906 — Continued. 


EIGHTH  CAVALRY. 


Organisation 
and  date. 


Troop  A 

August  1 

August  17 

August  19 

August  20 

August  21 

AugU8t22  _ 

August  24 _. 

August  26 

August  27 

September  1 

September  4 

September  28 

Troop  B I 

August  1 : 

August  2 

August  18 

August  24 

Septembers 

Septemberl2 j 

September  16 


O  K 

d  a 


18 


Organization 
and  date. 


o 
55 


Organization 
and  date. 


o 


Organization 
I         and  date. 


Table  showing  the  rt 
ItercenUige  h 


12 


Troop      B—  , 
Continued. 

September  18 1 

September  26 2 

September  28 :  .1 

I 

Troop  D 16 

July  29 1    ■ 

July  30... 2   ■ 

Augusts 1 

Augusts 2   1 

AuipistlO _„  1  ij 

August  IK 1   i| 

August  19 ._.;  2  i 

August  22 ,  1   I 

August  23 !  1    I 

October  1 1 

October  2. _ 1 

October  22 1 

October  28 1 

Troop  E 9  ; 

September  8 2  i 


Troop      B— 
Continued. 

September  5 

Septembers 

September  11 

September  23 

October  7 ._ 

October  27_ 

October  29 


I 


1 
1 
1 
1 
1 
1 
1 


Troop  F I    29 

July  29 1^ 

July  30 1 

August  1 1 

August  2 1 

August  29. 2 

August  80 2 

September  1 3 

SeptcmlierS 

September 4 ...  . 

Septembers 

September  6 

September  7 


Troop      F— 
Continued. 

September  16 

September  17 

September  18 

September  19 

September  21 

September  23 

September  80 

October  1 

October  20 

Troop  H 


Septembers 

September  15 

September  23 

Band 


August  2  .. 
August  14.. 
October  15. 


Totol 


90 


eugth  of  each  company  j  Ote  number  of  cases  of  dengue  fever,  and  tlie 
fected  in  the  Sixteenth  and  Thirteenth  Re^ments  of  Infantry, 


Sixteenth  U.  S.  Infantr>-.        Thirteenth  U.  8.  Infantry. 


Name  of  organization. 


Band 

Company  A. 
Company  B 
Company  C. 
Company  D. 
Company  £. 
Company  F. 
Company  G  . 
Company  H 
Company  I  _ 
Company  K 
Company  L- 
Company  M . 


Strength. 

85 
50 
52 
50 
54 
.16 
57 
51 
59 
••lO 


No.  Of 
cases. 


Percen^ ,       : 
age   Strength.' 
infected. 


No.  of 
cases. 


3  ! 

20  I 

26 ; 

25  ' 
24 

1 

3 

7 

8 
12 


8 
40 
50 
50 
44 
1 
5 
IS 
13 
24 


51 
48 


24 
9 


48 
18 


86 
62 
62 
58 
55 
60 
60 
54 
60 
50 
58 
57 
56 


8 

4 

19 

20 

27 

16 

7 

8 

35 

23 

35 

27 

11 


Percent- 
age 

infected. 


I 


22 
6 
80 
M 
49 
26 
11 
14 
48 
46 
60 
47 
20 
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Table  showing  the  strength  of  each  companyy  the  number  of  cases  of  dengue  fever^  and  the 

percentage  infected  in  the  Eighth  Cavalry. 


Name  of  organization. 


Eighth  U.  8.  Cavalry. 


Strength. 


i  Band 
Troop 
Troop 
Troop 
Troop 
Troop 
Troop 


A 

B 
D 
E 
F 
H 


No.  of  'p^rs^"*- 

^^«-    iinf^ted. 


39 

S 

7 

.•16 

IM  i 

32 

59 

12  ; 

20 

56 

•     i 
16 

28 

55 

9 

16 

55 

29 

52 

58 

3 

5 

From  the  above  tables  it  will  be  soen  that  the  greatest  ratio  of  infec- 
tions in  any  one  company  was  in  Company  H  of  the  Thirteenth  Infantry 
where  58  per  cent  of  the  men  were  infected,  while  in  Company  E  of 
the  Sixteenth  Infantry  only  one  man  was  infected,  but  this  company  left 
the  post  during  the  early  days  of  the  epidemic  and  thus  can  not  be 
considered  in  this  relation.  It  should  also  be  remembered  that  Com- 
panies A,  B,  C,  D  of  the  Thirteenth  and  E,  F,  G,  H  of  the  Sixteenth 
were  absent  from  the  post  after  August  12,  1906. 

In  considering  this  table  it  will  be  noticed  that  the  epidemic  of 
dengue  began  in  the  Sixteenth  Infantr}'  upon  July  1,  reached  the 
Thirteenth  Infantry  July  7,  and  the  Eighth  Cavalrj-  not  until  July  29. 
It  should  be  stated  that  the  barracks  of  the  Eighth  Cavalry  are  at 
a  considerable  distance,  at  least  1  mile,  from  those  of  the  Sixteenth 
Infantry,  which,  if  we  consider  the  disease  to  be  mosquito-borne,  will 
account  for  the  long  period  of  time  elapsing  between  the  infection  of 
the  two  organizations. 

On  August  1,  1906,  the  First  Battalion  of  the  Thirteenth  Infantry 
and  the  Second  Battalion  of  the  Sixteenth  were  ordered  for  field  service 
in  Leyte,  P.  I.,  and  were  still  absent  on  this  duty  on  November  1,  1906. 
At  the  time  the  First  Battalion  of  the  Thirteenth  Infantry  left  Fort 
McKinley,  58  men  had  been  sent  to  the  post  hospital  suffering  from 
dengue.  No  cases  developed  in  this  battalion  on  its  voyage  by  boat  to 
Ijeyte,  nor  have  any  cases  developed  in  tlu*  battalion  in  Leyte.  If  dengue 
were  a  contagious  disease  tliis  certainly  would  not  have  been  the  case, 
but  removal  from  the  focus  of  infection  and  from  the  disseminator  of 
the  infection — ^that  is,  the  mosquito — resulted  in  a  complete  disappearance 
of  dengue  from  this  battalion. 

At  the  time  the  Second  Battalion  of  the  Sixteenth  Infantrv  left 
Fort  McKinley,  on  August  12,  dengue  had  just  appeared,  this  battalion 
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only  having  sent  about  20  eases  to  the  post  hospital  suffering  from  the 
disease;  three  days  before  leaving  it  sent  5  more,  but  no  cases  developed 
upon  the  voyage  to  Leyte,  nor  have  any  cases  appeared  in  this  battalion 
since  arriving  in  Ijeyie.  It  seems  to  us  that  the  almost  instant  disap- 
pearance of  dengue  from  these  battalions  upon  their  removal  from  Fort 
McKinley  and  their  voyage  by  sea  to  I^yte  is  almost  positive  proof  of  the 
relation  of  the  mosquito  to  the  transmission  of  the  disease.  It  is  obvious 
that  no  mosquitoes  were  present  upon  the  boat,  and  that,  as  probably  no 
cases  were  infected  previously  to  embarking,  the  mosquitoes  in  Leyte  did 
not  become  infected,  and  therefore  dengue  did  not  continue  in  these 
troops. 

Another  fact  of  importance  in  considering  the  transmission  of  this 
disease  is  the  manner  in  which  it  spread  from  barrack  to  barrack.  If 
the  disease  were  purely  contagious  we  would  expect  contiguous  barracks 
to  become  infected  in  order.  As  a  matter  of  fact,  as  shown  by  the  map, 
in  which  the  barracks  are  numbered  in  the  order  in  which  they  became 
infected,  contiguous  barracks  did  not  always  become  infected  in  the 
order  one  would  suppose;  thus,  of  two  barracks  standing  side  by  side, 
one  might  be  infected  two  or  three  weeks  before  the  other,  whereas 
another  several  hundred  yards  distant  from  the  first  might  be  the 
second  one  to  become  infected.  A  careful  study  of  the  map  will  show 
that  this  is  true  in  a  great  many  instances,  and  it  can  be  explained, 
we  think,  by  the  erratic  flight  of  an  infected  insect,  such  as  the  mosquito. 

Lack  of  contagion  is  strongly  suggested  by  the  fact  that  although  over 
400  cases  of  dengue  were  treated  in  the  general  medical  wards  of  the 
post  hospital,  and  although  no  special  means  were  employed  to  prevent 
contagion,  no  cases  develo])cd  in  the  wards  except  in  three  attendants 
who  were  on  night  duty. 

In  our  own  camp,  where  the  patients  under  our  observation  were 
treated,  we  have  had  128  cases.  Here  no  person  developed  the  disease, 
except  after  inoculation  and  in  consequence  thereof,  though  attendants 
and  patients  mingled  freely,  and  we  made  every  effort,  as  will  be  seen 
in  the  detailed  report  of  cases,  to  convey  the  disease  by  fomites,  or  air. 
We  had  dengue  patients  and  well  men  sleep  together,  eat  together  and 
wear  one  another's  clothing;  both  sick  and  well  meanwhile  abstained  from 
bathing,  and  used  a  common  close-stool  kept  in  the  tent  with  them.  All 
the  sick  recovered  and  none  of  tlie  well  men  developed  the  disease  through- 
out the  experiments,  unless  they  were  inoculated  later. 

We  therefore  feel  justified  in  stating  that  dengue  ui  not  contagious, 
and  think  that  the  history  and  epidemiology,  taken  in  connection  with 
Graliam's  work  and  what  we  later  detail,  justify  the  correlative  state- 
ment that  the  disease  i,<f  mosqvito-bornp. 
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III.    ETIOLOGY. 
1.   HISTORICAL. 

The  etiological  factor  concerned  in  the  causation  of  dengue  has  been  long  and 
patiently  sought  for  by  almost  every  investigator  who  has  studied  the  disease; 
thus,  nearly  every  fluid,  secretion  and  excretion  of  the  body  has  been  examined, 
and,  as  might  be  expected,  not  a  few  observers  have  announced,  from  time 
to  time,  the  discover^'  of  a  causative  organism.  Many  of  these  so-called  "discov- 
eries" were  made  during  the  dawn  of  bacteriological  science,  and  a  perusal  of 
the  methods  adopted  in  isolating  the  organisms  described,  as  well  as  the  descrip- 
tion of  their  morpholog\'  is  suflicient  to  prove  their  absolute  lack  of  scientific 
accuracy.  Therefore,  we  have  not  deemed  it  necessary  to  review  such  contri- 
butions, but  among  the  many  who  have  investigated  the  etiologj'  of  this  disease 
there  are  a  few  whose  observations  demand  consideration.  Among  these  may  be 
mentioned  McLaughlin,  Graham,  Carpenter  and  Sutton,  Guiteras  and  Agramonte. 

The  early  investigations  regarding  the  etiology  of  dengue  were  directed  toward 
a  bacterial  cause,  but  within  the  past  few  years  the  increasing  importance  of  the 
protozoa  in  the  etiologj*  of  disease  has  turned  the  current  of  investigation,  and 
almost  all  of  the  work  which  has  been  done  upon  this  subject  by  recent  investi- 
gators has  been  founded  upon  the  belief  that  the  disease  is  caused  by  some 
protozoon,  probably  by  one  inhabiting  the  blood. 

However,  despite  the  fact  that  a  great  amount  of  labor  has  been  expended  in 
the  search  for  a  bacterial  or  protozoal  organism,  it  is  surprising  how  few  records 
of  this  work  there  are  and,  upon  analysis,  how  unsatisfactory  the  conclusions 
arrived  at.  Perhaps,  in  no  other  disease,  as  common  and  as  thoroughly  studied 
clinically  as  dengue,  is  tli^re  so  limited  a  literature  concerning  its  parasitic 
etiology  and  it  must  be  admitted  that  this  is  one  of  the  infections  of  man  which, 
up  to  the  present,  has  baffled  all  attempts  at  a  solution  of  its  etiology. 

The  earliest  attempt,  based  upon  bacteriological  methods,  to  discover  the 
organism  causing  dengue  was  that  of  McLaughlin  (23).  The  descriptions  of  his 
experiments  are  detailed  and  the  results  obtained  are  of  interest,  but,  viewed  in 
the  light  of  the  approved  bacteriological  methods  of  to-day,  are  open  to  very  severe 
criticism  and  have  not  been  confirmed  by  late  observers. 

Mclaughlin,  whose  observations  were  published  in  1886,  believed  in  the  directly 
contagious  character  of  the  disease  and  that  organisms  of  a  bacterial  nature, 
existed  in  the  blood  of  the  infected  individual.  He  examined  both  fresh  and 
stained  specimens  of  blood,  and  cultures  from  blood  made  upon  nutrient  gelatine. 
He  also  made  microscopical  examinations  of  the  vomitu?i  and  urine  and  endeavored 
to  secure  cultures  of  the  organism  by  partially  filling  sterilized  glass  bulbs  with 
blood  from  a  vein  and  allowing  the  blood  so  obtained  to  incubate  for  weeks  and 
even  months.  By  this  method  he  oxa mined  but  one  case,  but  by  the  methods 
pr€»viously  given  he  studied  forty.  In  the  blood  of  every  case  he  found 
spherical  micrococci  measuring  one-twentieth  to  one-thirtieth  the  diameter  of  a 
red  blood  corpuscle,  and  red  or  purplish  in  color;  in  preparations  made  from 
cultures  grown  upon  nutrient  gelatine,  the  cocci,  when  in  masses,  appeared  black 
or  brown,  but  when  seen  singly  the  red  color  was  always  distinct  and  character- 
istic. In  the  bulbs  mentioned,  which  contained  only  blood  (no  bouillon),  the  same 
organisms  were  found  in  ])ure  culture  after  an  incubation  periwl  of  from  six  weeks 
to  three  months. 

While  the  researches  of  McLaughlin  appear  to  have  been   partially  accepted, 
or  at  least  considered   sericmsly  by  some  writers,  we  regard   them   as  only   of 
purely  historical  interest,  for  reasons  which  are  obvious. 
53560 3 
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Klein  iiivt'stipitrtl  very  carefully  the  rejMjrt  of  the  pr€»i*ence  of  a  Hhort  bacillu.s 
in  the  b1oo<l  of  denote  caMi'M^und  poiielu<Ied  that  there  was  not  sufficient  evidence 
to  prove  t))e  couHtant  anHociation  of  this  or  any  other  organism  with  the  disease. 
Wright  was  unable  to  demonstrate  any  organism  as  concerned  in  the  etiology  of 
dengue,  and  similar  results  followed  the  investigations  of  Crookshank  and  Mac- 
Fadyen. 

The  observations  of  Graham  (21)  of  Beirut,  published  in  1903,  awakened  in- 
creased interest  in  the  etiology-  of  this  puzzling  disease,  and  a  considerable  amount 
of  work  has  since  lx>en  done  with  the  object  of  confirming  or  disproving  his  results. 
Graham's  investigations  were  carried  out  in  Beirut,  Syria,  and  resulted  in  the 
announcement  by  him  that  dengue  is  due  to  a  protozoi^n  inhabiting  the  red  blood 
corpuscles  and  closely  resembling  the  plasmodia  of  malaria,  except  for  the  absence 
of  pigment.  He  examined  the  blood  of  over  one  hundred  cases,  but  in  his  com- 
munication regarding  the  subj^H't  he  dcH»s  not  state  in  how  many  of  these  he 
found  the  parasite,  but  admits  that  he  was  unable  to  demonstrate  it  in  stained 
smears  of  the  bloo<I.  As  descrilMHl  by  (iraliam.  the  |>arasite  first  appears  as  a 
small,  hyaline  ro<I  or  dot  within  the  re<i  blooil  corpuscle,  constantly  changing  its 
|K)sition,  the  motility  in  some  instances  iK^ing  very  marked;  later,  the  parasite 
increases  in  size,  ap|)ears  to  present  typical  am(Fl)oid  motion,  and  finally  almost 
fills  the  red  corpuscle,  or  rupturing  it  becomes  free  in  the  plasma,  where  it  very 
soon  degenerates.  No  sporulating  forms  are  described,  nor  any  other  method  of 
repro<luction  in  man.  The  organism  is  never  observed  to  contain  any  pigment. 
He  states  that  he  has  found  the  same  bodies  in  the  blood  of  patients  suffering  from 
second  and  third  attacks  of  the  disease. 

From  the  results  which  this  investigator  obtained  in  transmission  experiments 
to  be  mentioned  later,  he  believed  that  the  organism  described  underwent  a  develop- 
mental stage  within  the  mosquito,  and  he  therefore  endeavored  to  trace  such  a 
cycle,  using  mosquitoes  of  the  genus  Culrx  fatigans  Wied.  for  the  purpose.  By 
dissecting  insects  which  had  bitten  dengue  patients  and  examining  the  blood  con- 
tained in  the  stomach,  he  claims  to  have  demonstrated  his  piroplasma-like  bodies 
in  the  mosquito  up  to  tlie  fifth  day  after  the  biting,  and  states  that  they  undergo 
developmental  changes  similar  to  those  occurring  in  the  blood  corpuscles  in  man. 
He  did  not  succeed  in  finding  any  zygotes  or  any  evidence  of  sexual  forms  within 
the  mosquito.  He  also  claims  to  have  observed  the  spores  of  this  organism  "in 
among  the  cells  of  the  salivary  glands"  after  forty-eight  hours  in  mosquitoes 
which  have  bitten  a  dengue  patii'ut  \i\xm  the  fourth  day  of  the  disease;  he  further 
claims  that  the  spores  could  be  demonstrated  in  the  salivary  glands  of  mosquitoes 
which  had  been  kept  a  month. 

Graham  produced  a  very  severe  case  of  fever  resembling  dengue  by  inoculating 
a  man  subcutancously  with  peptonized  normal  salt  solution  containing  the  salivary 
glands  of  a  mosquito  which  had  bitten  a  dengue  patient  twenty-four  hours  before. 
He  was  deterred  from  further  experimentation  along  this  line  by  reason  of  the 
very  severe  symptoms  produced  in  this  case. 

Because  of  the  positive  character  of  (Jraliam's  statements  his  work  attracted 
widespread  attention  and  encouraged  many  investigators  to  study  with  renewed 
energj'  the  etiology  of  dengue,  but  altliough  many  experienctMi  microscoptsts  have 
endeavored  to  confirm  his  results  none  have  done  so  as  regards  the  presence 
of  a  parasite  within  the  bl(MHl  corpuscles.  With  the  exception  of  Eberle,  whose 
description  of  a  pinsuurhn  obviously  applied  to  vacuoles,  artefacts,  etc.,  which 
are  so  common  in  the  blood  of  fever  patients,  no  investigator  claims  to  have  been 
able  to  demonstrate  in  dengue  blood  in  nature,  any  constant  parasite,  bacterial  or 
protozoal. 

(^arpenter  and  Sutton    (22)    studied  200  cases  of  dengue  upon  the  Isthmus  of 
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Panama,  ami  examined  both  fresh  and  stained  specimens  of  blood,  using  Wright's, 
Ehrlich's,  the  Homanowsky  and  Nocht's  methods,  as  well  as  bacterial  stains. 
They  were  unable  to  demonstrate  McTjaughlin's  micrococcus  or  any  other  mi- 
crodrganisms  in  the  blood.  They  found  the  nonpigmentod  bodies  of  Graham  in 
unstained  specimens,  but  not  in  stained  ones.  Tliey  also  found  the  same  bodies 
in  the  blood  in  other  diseases;  and  regarded  thorn  as  being  due  to  necrobiotic 
changes  in  the  red  cells.  They  also  examined  mosquitoes  which  had  bitten  dengue 
patients,  but  found  no  parasites  present  in  the  insects. 

Guiteras  (7),  as  the  result  of  a  very  careful  investigation  in  Habana  in  1905, 
believes  that  Graham  is  mistaken  regarding  his  organism  and  concludes,  after 
examining  a  large  series  of  blood  specimens  taken  during  all  days  of  the  disease,  at 
various  hours  and  stained  by  various  methods,  that  the  blood  contains  no  structure 
resembling  a  parasite. 

The  investigatioiTs  by  the  staff  of .  the  (Jovernment  Laboratories  (24)  at 
Manila,  P.  I.,  in  1900  into  the  etiology  of  dengue,  resulted  negatively  as  to  the 
presence  of  a  parasite.  Their  conclusions  were  as  follows:  (1)  In  dengue  fever 
there  is  no  leucocytosis ;  (2)  the  differential  count  of  the  white  corpuscles  in  this 
disease  show  normal  proportions  of  the  several  varieties;  (3)  the  hsematozoon 
described  by  Graham  has  not  been  found  present  in  the  circulating  blood  of  our 
cases;    (4)  the  micrococcus  described  by  McLaughlin  has  not  been  encountered. 

Agramonte  (19),  studying  the  disease  in  Habana  in  1906,  was  unable  to 
demonstrate  any  parasite  in  the  blood,  and  the  recent  researches  of  Kieweit  de 
Jonge  and  de  Haan  (25),  in  Java,  which  were  most  thorough,  were  also  without 
result.  Stitt  (20),  working  upon  the  subject  in  Cavite,  P.  I.,  was  unable  to 
demonstrate  any  organism  in  the  blood. 

Method  of  transmission. — Until  the  publication  of  Graham's  work  practically 
nothing  had  been  done  in  the  way  of  experimental  research  directed  toward  the 
discovery  of  the  method  'of  transmission  of  dengue  fever.  We  have  already 
touched  upon  the  theories  regarding  this  question  in  considering  the  epidemiology 
of  the  disease,  but  so  far  as  we  have  been  able  to  determine,  after  consulting 
all  the  literature  available,  to  Graham  belongs  the  credit  of  first  attacking  this 
problem  in  a  practical  and  scientific  manner.  His  work  aroused  much  interest, 
and  however  he  may  have  erred  in  his  interpretation  of  the  bodies  described  by 
him  as  the  cause  of  the  disease,  we  In^lieve  that  his  exi)eriments  regarding  the 
method  of  transmission  are  most  valuable  and  his  conclusion  that  dengue  is 
transmitted  by  the  mosquito  is  well  founded  and  has  been  experimentally  con- 
firmed. 

Graham's  experiments  regairding  mosquito  transmission  wore  briefly  as  follows: 
Four  men  in  goo<l  health  wore  soloctod  and  slept  niglit  after  night  beneath 
mosquito  bars  containing  nios()uitoos  that  had  bitten  donguo  patients.  In  one 
case  the  disease  developed  four  days  from  the  date  of  the  first  exposure,  in  one 
In  five  days,  and  in  one  in  j?ix  days.  In  one  oaso  the  result  was  negative. 
During  the  time  the  exporiniont  lasted  the  men  remained  in  their  homes,  where 
there  had  been  no  other  cases  of  the  dis<*asi\  and  whore  none  developed  later. 
In  order  to  obviate  the  jmssibility  that  those  men  might  have  contracted  the 
disease  in  some  other  way,  thoro  Ijoing  a  very  sovoro  epidemic  in  the  city  at 
that  time,  Graham  took  mosquitoes  that  had  bitten  dengue  patients  to  a 
village  situated  in  the  mountains,  whore  no  cases  of  the  disease  had  occurred. 
At  this  village  he  liberated  the  mosquitoes  under  the  nets  of  two  young  men, 
living  in  different  localities,  and  orders  were  given  that  the  men  were  not  to 
leave  the  nets  until  permitted.  One  of  these  men  developed  a  very  severe  attack 
of  dengue  in  four  days  after  exposure,  the  other  in  five  days.  The  mosquitoes 
were  destroyed  and  the  men  continued  to  sleep  under  the  mosquito  bars  for  some 
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time  after  recovery.  No  other  cases  of  the  disease  occurred  iu  this  village.  The 
mosquitoes  used  in  these  experiments  arc  stated  by  Graham  to  be  Culex  fatigana 
Wied.,  and  the  insects  were  used  within  a  short  time  after  biting  infected  patients. 
Graham  further  states  that  in  Beirut  no  Atwpheles  are  to  be  found,  but  that 
during  the  dengue  epidemic  the  city  was  infested  with  great  numbers  of  Culex 
fatigans  Wied.  It  will  be  seen  that  of  six  healthy  men  bitten  by  infected 
mosquitoes,  five  developed  dengue,  two  in  four  days,  two  in  five  days,  and  one  in 
six  days. 

Since  Graham's  exiwriments  and  results  were  published,  a  few  observers  have 
endeavored  to  confirm  them,  but  without  success.  Carpenter  and  Sutton  (22) 
experimented  with  various  mosquitoes,  viz:  Culex  stimulans  Walk.,  C.  iaraalia 
Coq.,  Stegomyia  fasciata  Fbr.,  etc.,  but  not  with  Culex  faiigtms  Wied.  The  mos- 
quitoes used  were  young,  well-grown  insects,  reare<l  by  them  and  kept  for  from 
five  to  fourteen  days  after  biting,  when  they  were  dissectec^  and  very  carefully 
examined.  No  protozoa  were  demonstrated,  nor  any  other  organism  which  they 
regarded  as  of  etiologic  importance.  The  authors  regard  their  mosquito  inocula- 
tion experiments  as  untrustworthy,  and  state  that  no  definite  statements  can 
be  made  concerning  them.  They  give  but  four  experimental  cases  of  mosquito 
inoculation,  two  of  which  were  negative,  one  positive  after  six  days  and  one 
after  two  weeks  from  the  date  of  mosquito  bites;  the  latter  case  is  obviously  of  no 
value,  as  the  incubation  period  is  too  long.  The  authors  state  that  "the  volunteer 
subjects  were  not  only  exposed  to  the  bites  of  other  moquitoes  at  all  times 
but  they  were  also  brought  into  almost  daily  contact  with  dengue  cases. 

Agramonte  (19),  in  Habana,  attempted  to  transmit  the  disease  by  mosquitoes, 
trying  various  species  at  various  intervals  after  the  insects  had  fed  upon  dengue 
patients,  but  was  unsuccessful  in  producing  the  disease  in  this  way.  He  believes, 
however,  that  dengue  is  transmitted  by  some  species  of  mosquito,  and  that  the 
reason  for  failure  in  experimental  infection  lies  in  some  undiscovered  fault  in 
technique.  The  epidemic  he  studied  was  accompanied  by  a  plague  of  Culex 
fatigans  Wied. 

In  Habana,  Guiteras  and  Finlay  (7)  endeavored  to  transmit  the  disease  with 
Culex  pipiens  Linn.,  but  with  negative  results.  Guiteras  states,  regarding  these 
experiments,  that  their  small  number  and  lack  of  variety  deprive  the  negative 
results  of  a  claim  to  conclusive  character,  and  that  their  faith  remains  unshaken 
that  the  mosquito  is  the  transmitter  of  dengue. 

It  is  rather  surprising,  in  view  of  the  scientific  interest  and  importance 
of  this  question,  that  so  little  has  been  done  to  prove  or  disprove  the 
results  claimed  by  Graham  from  his  mosquito  experiments;  it  is  not, 
however,  surprising,  that  those  who  have  attempted  to  solve  the  problem 
have  met  with  so  little  success,  for  onlv  those  who  have  done  so  can  realize 
the  difficulties  and  disa[)j)oininients  which  await  the  investigator  in  this 
particular  field  of  research.  In  our  work  upon  this  phase  of  the  subject, 
to  be  detiiiled  later,  the  ex j^eri mental  results  obtained,  while  to  our  own 
satisfaction  proving  that  Culex  fati(/nns  Wied.  transmits  dengue  fever, 
have  been,  at  times,  most  disappointing  and  discouraging;  unknown 
natural  conditions  api)ear  io  ])e  necessary  for  the  transmission  of  this 
disease  by  the  mosquito,  and  b(vause  of  our  ignorance  of  the  method  of 
securing  these  we  believe  that  experimental  transmission  by  the  mosquito 
is  rendered  most  diflicult  and  that  negative  results  may  be  expected 
much  more  frequently  than  positive  ones. 


ETIOLOGY   OF   DENGUE   FEVER.  107 


2.   EXAMINATION   OF  THE  BLOOD. 


In  attempting  to  solve  tlie  etiology  of  dengue  and  its  method  of 
transmission,  onr  attention  was  first  directed  to  the  microscopical  exam- 
ination of  the  blood  of  patients  suffering  from  the  disease.  We  have 
already  noted  the  failure  of  numerous  ()l)servers  to  confirm  the  presence 
of  McLaughlin's  or  Graham's  organisms,  and  also  their  negative  results 
as  to  other  blood  parasites.  Despite  these  we  considered  that  our  work 
would  be  incomplete  without  careful  examination  of  both  fresh  and 
st^iined  preparations  of  the  blood,  and  accordingly  we  have  studied 
thoroughly,  in  this  res])ec^t,  a  large  number  of  our  cases;  the  blood  was 
examined  during  every  period  of  the  disease,  but  especially  during  the 
first  two  days  and  during  the  terminal  rise  in  the  temperature;  various 
staining  methods  were  used,  including  Wright's  stain  and  the  methods 
used  in  demonstrating  Treponcnm  pallidum.  The  latter  methods  were 
used  very  carefully  and  in  numerous  cases,  as  at  the  time  we  began 
our  work  we  were  greatly  inclined  to  believe  that  the  organism  concerned 
in  the  etiology  of  dengue  might  belong  to  the  spirochaetae.  We  have  not 
l>een  able  to  confirm  the  results  of  McLaughlin  or  Graham,  nor  have  we 
])een  able  to  demonstrate  any  organism  in  the  blood  of  dengue  patients 
which  we  can  consider  as  an  (etiological  factor. 

There  is  but  little  in  the  literature  concerning  the  changes  in  the 
blood  in  this  disease,  and  even  Graham's  claim  that  the  disease  is  due 
to  a  haematozoon  wliich  destroys  the  red  corpuscles  does  not  seem  to 
have  stimulated  research  in  this  direction.  We  shall,  therefore,  in  this 
portion  of  our  report,  det^iil  the  results  of  our  study  of  the  blood  which 
demonstrate  that,  whatever  the  cause  of  dengue  may  be,  it  is  not  an 
organism  that  influences  to  any  marked  extent  the  essential  characteris- 
tics of  the  blood,  with  the  exception  of  the  relative  proportions  of  the 
various  forms  of  leucocytes. 

(a)  llcemoglobin. — In  uncomplicated  cases  the  haemoglobin  and  color 
index  are  normal. 

Erythrocytes. — Number:  Dengue  is  not  a  disease  in  which  anaemia 
is  present.  We  have  made  numerous  blood  counts  in  severe  cases,  and 
have  never  observed  a  count  lower  than  4,500,000  reil  cells  per  cubic 
millimeter,  even  when  th(^  count  was  made  at  the  tormination  of  the 
disease.  This  fact  alone  appears  to  us  conclusively  to  disprove  the 
existence  of  Graham's  haematozoon,  which  by  destroying  the  red  blood 
corpuscles  during  its  development  within  them  would  certainly  reduce 
their  number.  We  liavi*  never  se(»n  a  case  of  uncomplicated  dengue  in 
which  the  clinical  symptoms  suggested  anaemia.  Our  ohservations  are 
borne  out  by  those  of  Carpenter  and  Sutton  (22),  who  found  that  the  red 
blood  count  in  dengue  was  generally  over  5,000,000  per  cubic  millimeter. 

Morphology:  In  size  the  red  blood  corpuscles  are  unchanged.  Poikilo- 
cytosis  is  not  commonly  observed,  but  in  some  cases,  during  the  height 
of  the  fever,  a  moderate  degree  of  poikilocytosis  may  be  present.     Crena- 
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tion  does  not  occur  more  rapidly  nor  is  it  more  marked  in  dengue  than 
in  other  acute,  febrile  conditions.  Vacuolation  is  common  both  in  fresh 
and  stained  specimens  of  blood,  and  in  many  instances  the  shape  and 
appearance  of  the  vacuoles  is  very  suggestive  of  a  parasitic  invasion  of 
the  red  cell;  artefacts,  duo  to  degeneration  of  the  protoplasm  and  clear 
areas  due  to  retraction  of  the  haemoglobin,  are  common,  especially  in 
poorly  prepared  smears  and  are  well  calculated  to  lead  to  error  because 
of  their  resemblance  to  bacterial  or  protozoal  organisms.  We  liavc  not  ob- 
served that  the  appearance  of  the  vacuok^s  occurring  in  the  red  corpuscle?? 
in  dengue  differs  from  that  sci^n  in  many  other  febrile  conditions, 
but  it  is  certainly  true  tliat  they  frecjuently  present  an  appearance  very 
suggestive  of  amcpl>oi(l  motion  without  change  of  position;  the  progres- 
sive motion  referred  to  by  some  writers  whicli  we  have  observed  in  the  case 
of  rod-shape<l  artefacts,  is  probably  chie  to  protoplasmic  currents  within 
the  degenerating  red  cell. 

It  is  not  uncommon  to  observe  in  the  blood  of  dengue,  as  well  as  in 
that  of  other  febrile  conditions,  cocci  or  bacilli,  either  free  in  the  blood 
plasma  or  attached  to  the  red  blood  corpuscles;  in  the  vast  majority  of 
instances  these  bacteria  are  due  to  external  contamination  and  have  no 
relation  to  the  disease  in  which  tliey  are  observed;  when  they  are  attached 
to  the  red  blood  cell  and  still  possess  some  motility  their  resemblance  to  a 
parasite  is  often  striking,  but  it  is  possible  by  gentle  j)res8ure  to  dislodge 
them  and  thus  demonstrate  their  real  nature. 

We  have  not  observed  the  presence  of  normoblasts  or  megaloblasts  in 
the  blood  in  dengue,  and  tlieir  a])sence,  espwially  of  normoblasts,  indicates 
that  anaemia  even  of  a  mild  tyi)o,  is  not  present. 

The  staining  reactions  of  the  red  corpuscles  in  dengue  do  not  differ 
from  those  present  in  health.  Polychromatophilia  or  basophilia  we 
have  not  observed,  but  in  poorly  pre})ared  specimens  the  staining  may  be 
irregular,  suggesting  granular  degeneration. 

From  our  observations  we  conclude  that  the  morphology  of  the  red 
cell  in  dcmgue  shows  no  diagnostic  changes. 

(<;)  The  leuconjies. — Number:  One  of  the  most  important  blood 
changes  in  tliis  disease  is  the  j)rcscnce  in  almost  every  case  of  a  marked 
leucopenia.  From  our  obscMvations  we  are  convinced  that  the  leucopenia 
of  dengue  is  almost  constant  throughout  the  attack,  and  that  it  is  of 
considcra])le  diagnostic  importance.  We  have  made  leucocyte  counts  in 
a  large  number  of  cases  and  have  invariably  found  a  marked  reduction  in 
the  total  number  with,  as  will  he  seen  later,  a  quite  characteristic  change 
in  the  relative  proportion  of  the  various  forms.  The  lowest  leucocyte. 
count  was  1/300  per  cubic  millimeter,  the  highest  4,800,  the  average,  3,800. 
(^arpenter  and  Sutton  (22)  found  a  constant  leucopenia,  the  lowest 
count  being  1,8(>(I,  the  highest  r),S(;(),  the  average  about  3,500,  per  cubic 
millimeter.  Stitt  (20)  states  that  a  leucoi)enia  is  always  present,  and  his 
counts  varied  from  1,4.50  to  5,280  per  cubic  niillimcter.     We  have  foond 
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that  the  leucopenia  is  progressive,  being  most  marked  upon  the  fifth  or 
sixth  day  of  the  disease. 

Morphology :  We  have  observed  no  morpliological  changes  in  the  leu- 
cocytes, nor  any  evidence  of  the  presence  of  a  leucocytozoon. 

Differential  blood  count:  From  the  studies  of  Carpenter  and  Sutton, 
and  later  of  Stitt,  the  differential  leucocyte  count  in  dengue  has  assumed 
considerable  diagnostic  importance,  and  taken  together  with  the  leu- 
copenia appears  to  us  tx)  be  entitled  to  very  careful  consideration  in  the 
differential  diagnosis  of  dengue,  yellow  fever,  malaria,  and  the  eruptive 
fevers. 

Carpenter  and  Sutton  (22),  from  their  examinations,  conclude  that  in  dengue 
there  is  always  a  leucopenia,  and  generally  an  increase  in  the  small  lymphocytes 
and  in  the  eosinophiles,  the  latter  occurring  late  in  the  disease. 

Stitt  (20)  made  differential  leucocyte  counts  at  varying  periods  of  the  disease. 
He  found  that  a  marked  variation  occurred  in  the  different  forms  of  the  leucocytes 
at  different  periods,  there  being  at  first  a  large  increase  in  the  small  lymphocytes, 
succeeded  by  a  greater  increase  in  the  large  lymphocytes,  and  finally,  during  the 
terminal  eruption,  a  most  marked  increase  in  the  large  mononuclears. 

Because  of  lack  of  time  we  have  made  comparatively  few  differential 
leucocyte  counts,  but  our  results  have  been  supplemented  by  those  of 
Lieutenant  Vedder,  Medical  Department,  United  States  Army,  stationed 
at  Fort  William  McKinley,  who  kindly  volunteered  to  assist  us  in  this 
direction,  and  whose  tables  and  remarks  are  given  below.  From  our 
own  observations  we  are  loath  to  lay  much  stress  upon  the  variation  in 
the  relative  proportion  of  the  large  and  small  lymphocytes,  as  does  Stitt, 
for  in  many  instances  we  have  not  found  a  constant  relationship  between 
the  variety  of  l}Tnphocyte  which  is  increased  and  the  period  of  the  disease, 
but  we  have  found  a  constant  leucopenia,  a  decrease  in  the  polymorphonu- 
clears and  an  increase  in  small  lymphocytes.  In  one  of  our  experimental 
cases  (Case  9)  in  whom  we  produced  a  severe  attack  of  dengue  by  the 
intravenous  inoculation  of  the  filtered  blood  from  another  experimental 
case,  the  leucocyte  counts  made  upon  the  first,  third  and  sixth  days  of 
the  disease,  well  illustrate  the  changes  described  by  Stitt,  as  will  be  seen 
by  the  following  record : 

First  day  of  disease : 

Polymorphonuclears  50 

Small  lymphocytes  41 

Large  lymphocytes  7.5 

Eosinophiles  1.5 

Third  day  of  disease: 

Polymorphonuclears  52 

Small  lymphocytes  30 

I^rge  lymphocytes  S 

Eosinophiles  4 

Sixth  day  of  disease: 

Polymorphonuclears  48 

Small  lymphocytes  14 

I^arge  lymphocytes  32 

Eosinophiles  0 
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It  will  be  observed  tbat  the  eosinopliiles  showed  a  marked  increase  as 
the  disease  progressed,  and  this  has  been  noticed  in  several  of  our  cases. 
While  the  above  differential  count  is  typical  of  the  results  obtained  by 
some  observers,  we  have  found,  even  in  a  limited  number  of  examina- 
tions, that  it  is  not  of  sufficiently  frequent  occurrence  to  be  dependini 
upon  alone  in  reacliing  a  diagnosis.  In  fact,  in  most  of  our  counts  we 
found  that  tlie  small  lymphocytes  outnumbered  the  large  in  every  stage 
of  the  disease. 

Vedder,  as  a  result  of  his  observations  upon  the  white  blood  count 
in  dengue,  has  submitted  to  us  the  following  data.  His  blood  counts 
were  made  on  patients  suffering  from  the  disease  occurring  in  the  same 
epidemic  which  we  have  des(Tibed  above.  IJegarding  his  results  he 
says : 

The  polymorphonuclear  leucocytes  are  greatly  decreased  and  the  small  lympho- 
cytes are  greatly  increased,  while  the  large  lymphocytes  are  moderately  increa.sed 
(luring  the  latter  days  of  the  illness.  These  changes  are,  to  a  greater  or  less 
degree,  characteristic  of  the  disease  throughout  its  duration.  The  decrease  in 
polymorphonuclears  and  the  increase  in  small  lymphocytes  takes  place  almost  at 
on(«,  being  very  noticeable  on  the  second  day  of  the  illness. 

Vedder  regards  the  differential  leucocytes  count  as  of  great  value  in 
the  diagnosis  b(»tween  this  disease  and  yellow  fever. 

^riie  following  table  gives  in  percentages,  the  results  obtained  by  Vedder 
in  five  cases  in  which  a  differential  count  was  made  on  each  day  of  tlie 
disease: 


CASE  1. 


1. 

2. 
3. 
4. 
5. 
6. 

4  . 

8. 


1. 
2. 
3. 
4. 


7. 


Day. 


IXJUCO- 

cytes. 


Number. 
ft.  300 
4,100 
ft.  900 
4,400 
4,700 
:>,  2:)0 
4,700 
4,800 


4.200 
3.800 
<*..  000 
2.  7ftO 
2,  r.00 
4,5o0 


5.  ftoO 


Polymor- 1     SmaU 
phonu-      lympho- 
clcare.         cytes. 


Per  cent. 
79.50 
50.00 
45.00 
46.00 
58. 25 
46.  'Xi 
29.50 
27.50 

CASE  2. 

(W.OO 
40.  50 
25. 00 
34.00 
45.  00 
23.33 
38. 75 
30.00 
30.00 


Pf-r  cent. 
16.00 
43.00 
48. 2ft 
40. 25 
:i4.00 
43.  3:^ 
ft<'>.  00 
60.00 


17. 75 
45. 00 
M.33 
44.  CO 
45. 66 
48.33 
.50. 00 
47.33 
46.66 


Large 

lympno- 

cytes. 


I*er  cent. 
2.50 
5.50 


5. 75 


10. 75 

6.30 

8.  »i6 

11.75 

11.26 


Monono- 
cleara. 


Per  cent. 
O.SO 
1.50 
1.00 
3.00 
1.25 
1.00 
2.50 
.50 


7.50  ^ 
10.00 
8.00 
6.00  ' 
7.6<>  I 
8.33  ' 
8.50 
6.33 
11.66 


Kodno- 
philes. 


Percent. 
1.50 
0 
0 
0 
0 

.66 
0 


.75 


2.00 

12.76 

3.00 

1.60 

2.00 

10.66 

1.00 

16.00 

1.00 

1.66 

.66 

19.i:8 

1.75 

.60 

.66 

16.88 

1.33 

10.00 
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CASE  3. 

Day. 

Leuco- 
cytes. 

ynmbrr. 

Polymor- 
phonu- 
clears. 

Small 
lympho- 
cytes. 

Per  cnit. 
25. 25 
43.33 
59. 25 
52. 00 
55. 00 

Large 
lympho- 
cytes. 

Prr  cent. 

6. 24 

4.66 

8.25 

16.00 

10.00 

Monono- 
cleara. 

Eoslno- 
philes. 

1... 

2 

1    3 

4  _. 

Pn-  cnit. 
67.  50 
50.  r/, 
29.00 
27.00 
30.00 

Per  cent. 
1.00 
1.00 
2. 50 
2.50 
2.00 

f*ei-  cent 

0 

.33 

.25 

1.50 

5 

3.00 

r» 

7 

i 

—  -  -- 

37.00 
C.\SF':  4. 

36. 50 

14.00 

9.50 

3.00 

;   1  _ 

- 

02.00 
4S.00 

r><.50 

5(J.  50 
3«.00 
34. 50 
41.00 
28.  G«i 

29.50 
45. 66 
37.00 
33.50 
50.00 
47.00 
36.  75 
43.33 

7.00 

4. 66 

5.  00 

3.50 

8.00 

11.50 

11.25 

12.  i)G 

1.00 
1.00 
2.50 
1.00 
1.00 
2.00 
3.50 
3.33 

0.50 

2 

.33 

1 

3 

1.00 

i    4                 

i     5    „ ' 

5. 50 
3.00 

6 - _     — 

5.00 

7      L 

7.25 

1 

H .: 

2.38 

CASE  5. 

1 

2 -.- 

3 

4 __ -  — 

5 

1    6... 

7 

-- 

75.33 
45.  <k; 
48. 75 
37.00 
29.00 
'27.00 
35. 25 

16.66 
46.00 
45. 25 
51.00 
rvi.  50 
47.  50 
46. 00 

6.00 
5.33 
4.50 
8.00 
8.50 
18.75 
13. 75 

0.33 
3.00 
'■           1.00 
1            2.00 
3. 50 
3.75 
1.50 

L33 
0 
.50 
1.00 
0 

2.25 
3.25 

The  following  table  gives  the  average  of  ten  differential  counts  made 
on  eaeh  day  of  the  disease  for  eight  days: 

Table  showliHj  average  (tf  ten  antnU  maife  o»  earh  ihtji  (tf  (fisease  for  cujlit  (fays. 


Count. 


FIRST  DAY. 


I'olymor-       Small     1     L*ir^e 
phoiiu-       lympho-  '  lymplio- 
ck'ars.  cvtcs.      i     cvtvs. 


Monono- 
eli'ars. 


Eosi  no- 
phi  lex. 


I 
2 
8 
4 
5 
6 
7 
H 
9 
10 


Avengv 


Per  rent. 
79.50 
H.'>.  2,5 
60.00 
78.00 
58.00 
.55. 6<'. 
68.  75 
66. 25 
72. 75 
67.  .tO 

69.16 


Pt  r  rent. 
16.00 
10.  75 
17.75 
17.:« 
36.33 
37. 6<; 
22. 00 
26. 25 
23.00 
25. 25 

23.-23 


Per  rent. 
2. 50 
2.  75 
7.50 
3.00 
4.00 
6.00 
6. 75 
5.25 
3.00 
6. 25 

4.70 


/Vr 


rent. 
0.50 
1.00 
2.00 
1.33 
1.6<i 
.66 
2. 25 
1.00 
1.25 
1.00 

1.26 


Prr  retit. 
1.50 

.'2J> 
12.75 

.33 
0 
0 

.25 

.25 
0 
0 

1.53 
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TabU  ^hoxning  (werage  of  ten  count*  nuuh  on  each  day  of  dtMOse  for  eight  day$ — Ck>nt'd. 


;                                                                           SECOND  DAY. 

• 

1 

Count. 

1 

Polymor- 
phonu- 
clean. 

Per  cfnt. 

8maH 
lympho- 
cytes. 

I^errent. 

Large 
lympho- 
cytes. 

Per  cent. 

Monono- 
cleari. 

Peree/ni 

1 
Boaino- 
phil«a. 

1 

1 

Percent. 

i      1 

42.80  ,          42.60 

6.80 

1.00 

6.80    : 

2 _ 

47.  ."lO            46.50 

5.50 

.50 

0 

3 

27.ftOi          IW).??) 

5.00 

.76 

.25 

4. 

50.00  I          48.00 

5.50 

1.50 

0 

5 

49.00            44.00 

6.00 

.50 

.50 

6-— - - 

40.50            45.00 

10.00 

3.00 

1.50 

7 _ 

48.00          :».oo 

9.00 

8.00 

1.00 

8-__ - - 

32.  «6            W.OO 

6.00 

2.88 

0 

9-..- 

50.66            43.83 

1 

4.66 

1.00 

.88 

10           _ 

48.00  ,          45.66 

4.66 

1.00 

.33 

Average 

43.66  1          47.88 

1 

6.81 

1.45 

1.07 

T 

HIRD  DAY. 

.■W.OO  1          34.50 

1.00 

1 — - 

6.50 

0 

2 

48.75  1          45.25 

1 

4.50 

1.00 

.50 

3 — 

54.50  ;          37.00 

5.00 

2.50 

1.00 

4 - - 

29.00            59.25 

8.25 

2.50 

.25 

5._ 

35.33            47.33 

11.66 

8.00 

2.66 

6 - _.- 

33.50  j          46.00 

18.50 

6.00 

.50 

7 

51.00  .          33.66 

12.66 

2.00 

.66 

8   _...- -._ - _ 

37.00 

50.66 

10.33 

2.00 

0 

9 

29.00 

58.33 

10.66 

2.00 

1.00 

10 

Average 

25.00 

54.38 

8.00 

2.00 

10.66 

40. 10            46. 63 

9.10 

2.40 

1.T2 

F( 

H'RTH  DAY. 

38.75  1          54.75 

1 .— 

5.50 

0.25 

0.50 

2.-- -.__ 

46.66  1          34.33 

8.66 

5. 88 

4.38 

3 - — 

59.75            33.00 

2.50 

.25 

4.25 

4 

34.66  ,          57.33 

5.66 

.66 

1.00 

r> 

46.00            40.25 

10.75 

8.00 

0 

6.._ _ 

34.00            44.00 

6.00 

1.00 

15.00 

7      _  _ 

36. 66            55. 00 
27.00            52.00 
32.25            .'VJ.75 
37.00            51.00 

6.66 
16.00 
10.00 

8.00 

1.00 
2.50 
3.00 
2.00 

.66 
1.5Q 

.25 
1.00 

H    

9    _ 

10 -.   

Average                 _  

39.27            47.64 
FKl'H  DAY. 

7.97 

1.89 

2.M 

K 

1 - 

2.5.66             47.66 

14.33 

0.66 

11.00 

2 - 

34.00             42.33 

18.  r.6 

2.66 

2.00 

3 

3S.  00             50. 00 

8.66 

1.66 

.88 

4  -_- - 

.')9. 75             33. 00 

2.50 

.26 

4.25 

T) 

58.25             34.00 

6.50 

1.25 

0 

C 

45. 01)             45. 66 

7.66 

1.00 

1.66 

/ - 

30.00             5,5.00 
38.00             r)0.()0 

10.00 
«.00 

2.00 
1.00 

8.00 
8.00 

«... 

y 

29. 00            5K.  .jO 

8.50 

3.50 

0 

10  ._ 

;i8.  00             46. 60 

10.80 

3.00 

1.40 

39.  .V.             46. 27 

9.56 

1.09 

2.66 
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Table  showing  avercige  of  ten  counts  made  oil  each  day  of  disease  for  eight  days — Cont'd. 


SIXTH  DAY. 

Count. 

Polymor- 
phonu- 
clears. 

Sniall 
lympho- 
cytes. 

Large 
lympho- 
cytes. 

Per  rent. 

10.00 

12.  75 

8.50 

7.40 

8.f.6 

8.33 

11.33 

11.50 

7.66 

9.66 

Monono- 
clears. 

Per  cent. 
1.80 
3.75 
1.26 

.60 
1.00 

.66 
1.38 
2.00 
1.00 
1.00 

Eoflino- 
philes. 

1 - - 

2 

Per  cent. 
17.60 
33.00 

Per  cent. 
70.60 

49.00 

Per  cent. 
j         0.80 
1.00 

8 

45.75  ;           41.75 

2.50 

4 

5 

55.00 
46.33 
23.33 
29.33 
34.50 
34.00 
52.33 

35.00 
43.:53 
48.:i3 
57.33 
47.00 
56.33 
34.38 

1.60 
.66 

6 - 

19.83 

!            .66 

5.00 

.66 

2.66 

7 

8 

9 _ _ __. 

10 

Average  __ 

37.11 

48.30 

9. 57 

1.43 

8.48 

SE^ 

VENTH  n. 

i\. 

1 _ 

29.50            56.00 
38.75  '          50.00 
37. 00            36. 50 
41.00            36.75 
35.25            46.00 
41.50            52.00 
31.75            60.75 
25. 00            57. 75 
17.50            64.75 
51.66             40.66 

11.75 

8.50 

14.00 

11.25 

13.  75 

4.50 

6. 75 

12.50 

12.00 

5.66 

2.50 
1.75 
9.50 
3.50 
1.50 
.75 
.75 
3.50 
1.50 

i.bo 

0 

.50 
8.00 
7.25 
3.25 
1.25 
0 

1.00 
4.00 
1.00 

2 

3 _ 

4 

5. _ _ 

6 

7 _ _ 

8 

9 __ 

10 - 

34.  H9             50. 11 
OHTH  DAY. 

10.01 

2.62 

2. 12 

El 

1 

2 

3 

4 

5 _ 

6 - 

i  _ 

27. 50 
44.00 
30.00 
38.33 
28.66 
41.75 
42.33 

60.00 
35.66 
47.3:J 
47.33 
43.33 
47.  50 
37. :« 

11.25 

14.33 

6.33 

r..  m 

21.66 

8.50 

13.33 

ll.<16 

5.33  : 

5.50  1 

1 

0.50 

2.66 

.66 

2.  es 

3.33 
.5^) 

3.(i6 
.66 

0 
.75 

0.75 
3.00 
15.33 
4.6(> 
2.33 
1.50 
2.00 
3.33 
6.66 
2.50 

8 

9 - 

10 - — 

48.  66             35.  M 
51.33  :          M'kOO 
37.50  j          5:i.50 

ATerage 

39.00 

44.:i6 

10.  45 

1.53 

t 

4.20 

Summary. — From  our  examinations  of  tlio  blood  in  dengue  wo  con- 
sider that  the  following  conclusions  arc  justified: 

1.  There  does  not  occur  in  tin*  blood  of  dengue  any  visible  organism, 
eitliQT  bacterial  or  protozoal  in  nature,  which  can  be  considere<]  as  the 
f*au«4»  of  the  disease.     We  have  not  observed  any  ])rotozoon  in  the  blood. 
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2.  Dengue  is  not  accompanied  by  anaemia,  the  red  blood  count  being 
normal  in  uncomplicated  cases.  There  are  no  characteristic  morpholo- 
gical changes  in  the  red  corpuscles,  leucocytes,  blood  plates  or  blood 
plasma. 

3.  Dengue  is  characterized  by  a  leucoj^enia  and  in  the  vast  piajority 
of  instances  by  a  decrease  in  the  polymor})honuclear  leucocytes  and  a 
marked  increase  in  tlie  small  lympliocytes;  the  increase  in  the  small 
lymphocytes  is  constant  throughout  the  disease. 

(d)  Blood  plates. — We  have  observed  no  changes  in  the  number  or 
appearance  of  the  blood  plates  in  dengue. 

(e)  The  blood  pla.^ma. — In  neither  fresh  nor  stained  specimens  of 
blood  have  we  been  able  to  demonstrate  any  organism  of  etiological 
significance  in  the  blood  plasma  in  dengue.  In  a  few  instances  bacteria 
were  noticed  but  from  the  ease  with  which  blood  cultures  collected 
with  the  most  careful  attention  and  asepsis  become  contaminated  in  this 
climate,  we  believe  that  these  bacteria  were  of  external  origin.  The 
most  common  bacterium  observed  was  a  long,  stout  bacillus,  actively 
motile,  and  commonly  seen  liere  in  blcxxl  specimens  from  various 
sources.  No  organism  resembling  a  protozoOn  was  observed  in  the 
blood  plasma.  Yeast  c(?lls  were  frocjuent  contaminations  in  stainetl 
specimens. 

3.    BLOOD   CULTURES. 

With  the  exception  of  McTiaughlin's  researches,  which  have  been  men- 
tioned and  which,  so  far  as  cultural  methods  are  concerned,  were  almost 
valueless,  we  have  not  been  able  to  find  in  the  literature  any  detailed 
descriptions  of  experiments  having  for  their  object  the  cultivation  of 
bacteria  or  protozoa  from  the  blood  of  dengue  patients.  We  therefore 
approached  this  portion  of  our  task  with  high  hopes  that  by  applying 
modern  cultural  methods  we  might  l)e  able  to  isolate  and  cultivate  the 
organism  causing  the  disease.  In  view  of  the  success  attained  by  Novy 
and  others  in  the  cultivation  of  trypanosomes,  and  by  Eodgers  in  cul- 
tivating the  Leishman-Donovan  body  {Herpetomonm  danovani),  we 
were  especially  hopeful  that  by  applying  similar  methods  in  this  disease, 
we  miglit  be  able  to  secure  growths  of  any  protozoon  which  might  be 
present.  As  we  have  stated,  we  were  impressed  with  the  idea  that 
dengue  might  bo  caused  by  an  organism  belonging  to  the  same  group  as 
those  pro<hu*ing  relapsing  fever,  or  to  some  closely  allied  group,  and  we 
therefore  endeavored,  both  by  employing  special  staining  methods  and 
culture  media,  to  demonstrate  such  an  organism. 

(a)  Methods. — In  our  experiments  we  have  used  citrated  blood  and 
acid  and  alkaline  bouillcm  as  culture  media.  In  making  cultures  with 
citrated  blood,  the  sterilized  syringe  was  first  filled  with  citrated  aolu* 
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tion,  which  was  then  ejected,  a  very  little  being  allowed  to  remain  in 
the  needle;  the  S3nringe  was  then  filled  with  blood  by  plunging  the  needle 
into  a  prominent  vein  of  the  forearm  and  withdrawing  the  blood  very 
slowly  until  the  barrel  of  the  syringe  was  full ;  the  blood  was  then  ejected 
into  small  sterilized  glass  tubes  and  kept  at  room  temperature  in  the 
incubator  or  in  the  lower  compartment  of  an  ice  l)ox,  the  latter  in 
order  to  give  any  organism  undergoing  a  part  of  its  life  cycle  in  a 
cold-blooded  animal,  surroundings  congenial  to  its  development. 

In  making  blood  cultures  in  bouillon,  10  cubic  centimeters  of  blood 
obtained  from  the  median  basilic  vein  were  added  to  250  cubic  centi- 
meters of  bouillon  contained  in  500  cubic  centimeter  flasks,  and  in- 
cubated at  temperatures  of  from  26°  to  36.05°  C. 

In  preparing  our  cultures  the  utmost  care  was  taken  to  avoid  infec- 
tion, everything  being  rendered  sterile  that  could  be,  but  despite  all  of 
our  precautions  the  majority  of  our  cultures  sooner  or  later  bec;ame  con- 
taminated with  various  forms  of  bacteria  or  yeasts. 

(6)  Citrated  blood  cultures. — In  eight  cases  we  have  endeavored  to 
secure  cultures  of  the  organism  causing  dengue  by  citrating  blood  ob- 
tained from  dengue  patients  at  various  periods  of  the  disease.  In  none  of 
these  have  we  been  able  to  demonstrate  any  organism  which  we  can 
consider  to  be  of  any  etiologic  significance;  in  none  of  the  tubes  of  citrated 
blood  did  we  encounter  any  organism  resembling,  in  the  least,  a  protozoon, 
and  all  of  the  bacteria  observed  wore  evidentlv  contaminations.  A  small 
diplococcus  occurred  in  two  cases,  but  in  the  light  of  our  later  work  on 
filtered  blood  this  obviously  is  of  no  significance. 

(c)  Bouillon  blood  cultures. — In  twelve  cases  we  uscfl  bouillon  blood 
cultures,  allowing  them  to  incubate  for  as  long  as  eight  weeks.  The 
majority  of  the  flasks  became  infected,  but  in  four  cases  the  blood  cultures 
did  not  show  any  growth  at  the  end  of  eight  weeks,  wlien  they  were 
destroyed.  A  staj)hyl(>c()(cus  grew  in  one  in  forty-eight  hours,  a  diplo- 
coccus in  three  in  seventv-two  hours,  accompanied  by  a  large  spore- 
l>earing  bacillus  in  two  of  th(^  cases;  a  short,  thick,  motile^  bacillus, 
together  with  a  staphylococcus  in  one,  in  four  days  and  varicMis  sj)ore-bear- 
ing  baccilli  in  the  rtMuainder.  These  organisms  we  believed  to  he  conta- 
minations and  therefore  we  did  not  [)crform  any  c\f>eri mental  work  with 
them.  Our  conclusions  regarding  them  were  confirmed  by  the  result  of 
our  experiments  with  liltered  blood 

As  the  result  of  our  culture  experiments  we  were  forced  to  conclude 
that  no  organism  was  found  constantly  enough  in  the  cultun^  to  warrant 
us  in  regarding  it  as -having  an  etiological  relationship  to  the  disease, 
e8|)ecially  as  a  number  of  them  remained  sterile,  although  kept  for  as  long 
as  eight  weeks. 
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INOCULATION  KXPKBIMBNT8. 


Having  thus  failed  to  deinonstrato  any  organism  in  cither  fresh  or 
stained  specimens  of  blood  or  in  our  blood  cultures,  we  directed  our 
attention  to  the  possibility  of  producing  the  disease  by  the  inoculation  of 
blood  from  the  dengue  patient  into  the  healthy  man;  fortunately  for 
the  success  of  our  work  we  were  dealing  with  a  disease  which,  in  the  young 
and  robust,  is  not  dangerous  to  life,  and  for  this  reason  we  felt  justified 
in  making  such  experiments.  We  hoped  in  this  way  to  determine  the 
presence  or  absence  of  the  infective  agent  in  the  blood,  for  should  such 
experiments  prove  successful  they  would  demonstrate  that  the  cause  of 
tlie  disease  is  in  the  blood,  and  that  therefore,  insect  transmission, 
is  iK)8sible,  whereas  negative  results  would  prove  that  the  blood  does 
not  contain  the  organism  unless  it  Ik»  one  that  first  has  to  undergo  a 
developmental  cycle  outside  of  the  liody,  as  in.  an  insect,  before  it  can 
produce  the  disease  in  man. 

In  order  to  secure  subjects  for  experiment  a  call  for  volunteers  was 
issued  to  members  of  the  Hospital  Corps  serving  at  the  United  States 
Army  Division  Hospital,  and  four  men  volunteered,  in  all  of  whom 
we  succeeded  in  producing  dengue  by  the  intravenous  inoculation  of 
blood  from  cases  of  the  disease.  We  desire  to  express  our  admiration  of 
the  courage  and  devotion  to  duty  of  tliese  men,  who,  with  no  prospect  of 
pecuniary  reward,  cheerfully  placed  themselves  in  our  hands  for  experi- 
mentation. 

As  more  men  were  nee<led  and  as  no  more  Hospital  Corps  men  were 
available,  we  consulted  Major  General  Leonard  Wood,  United  States 
Army,  commanding  the  Philippines  Division,  who  authorized  us  to  offer  a 
reward  for  volunteering,  as  a  result  of  which  we  secured  many  more 
volunteers  than  we  needed  and  were  forced  to  refuse  a  large  number,  as 
we  were  limited  to  sixteen,  including  the  men  we  had  already  used. 
Unfortunately,  of  the  fourteen  men,  we  have  experimented  upon,  seven 
came  from  Fort  William  McKinley  having  passed  unharmed  through  the 
dengue  epidemic,  and  of  these  men  we  foimd  two  absolutely  immune, 
three  relativelv  immune,  and  cmi*  doubtful.  Of  the  same  number  of 
Hospital  Corps  men  who  had  not  been  exposed  to  dengue,  we  found 
onlv  one  immune. 

• 

Of  the  fourtei»n  soldiers  who  volunteered  for  this  work,  seven  be- 
longed to  the  Unitcnl  St^ites  Anny  Hospital  Corps,  three  to  the  Eighth 
United  States  Calvary,  two  to  the  Sixteenth  United  States  Infantry,  one 
to  the  Thirtivnth  United  Static  Infantry,  and  one  to  Company  B., 
Enginet»r  Corps. 
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4.    INTRAVENOUS   INOCUIJITION   WITH   UNFILTERED  DENGUE  BUKH). 

Eleven  of  our  fourteen  volunteers  were  given  intravenous  inoculations 
of  unfiltered  blood  from  dengue  patients,  and  of  these,  seven  developed 
the  disease,  while  in  one  case  the  result  was  doubtful.  In  three  of  the 
cases  there  existed,  apparently,  an  absolute  immunity  to  the  disease. 
These  cases  will  now  be  considered  in  detail. 

Eacperiment  No.  1. 

Case  ly  Chart  1. — E.  U.,  private.  Hospital  C.orps,  United  States  Army.  Had 
not  been  exposed  to  dengue.  At  3..'?0  p.  m.,  July  24,  1906,  he  was  given  an 
intravenous  injection  of  20  minims  of  luifiltered  blood  from  Case  20  (see  Chart 
A).  The  patient  from  whom  the  blood  was  taken  for  the  inoculation  had  a 
mild  attack  of  dengiie  and  was  probably  nearly  over  tlie  disease  at  this  time.  We 
believe  that  this  accounts  for  the  mild  character  of  the  exi)erimental  disease  in 
this  case,  for  while  the  symptoms  which  were  present  were  typical,  it  will  l)e  seen 
cm  referring  to  the  temperature  chart  that  the  fever  was  slij^ht  as  compared  with 
our  other  experimental  cases,  which  were  all  inoculated  with  blood  from  more 
severe  cases,  fiiken  at  an  earlier  ])eriod  of  the  disease.  The  following  is  a  r^uin^ 
of  the  clinical  record  in  this  case : 

July  24:  At  3.30  p.  m.  inoculated  intravenously  with  20  minims  of  blood  from 
Case  20.     Subject  in  good  health  and  temperature  normal.   » 

July  25:  Feels  perfectly  well. 

July  26:   Feels  well.     No  symptoms. 

July  27:  Ditto. 

July  28:  Has  some  fever  and  headache.     IJowels  constipated. 

July  29:  Patient  feels  uncomfortable,  complaining  of  vague  muscular  pain 
and  burning  and  smarting  of  eyes;  eats  and  sleeps  fairly  well.     Bowels  re^lar. 

July  30:  Last  night  felt  very  uncomfortable,  having  severe  headache  and  pain 
in  eyes;  also  pain  in  the  lumbar  muscles,  ankles,  elbows  and  wrists.  At  present 
(11  a.  m.)  complains  of  dull  headache  and  slight  lumbar  pain;  the  eyes  are 
painful,  the  pain  being  aggravated  by  movement.  Tongue  moist  and  clean. 
Bowels  constipated. 

July  31:  Feels  much  better,  the  pains  in  the  head  and  muscles  having  dis- 
appeared.    A  slight  eruption  is  present  upon  the  chest  and  back. 

August  2:   Feels  well.     Eruption  has  faded. 

August  6:  Returned  to  duty. 

Remarks. — Upon  reference  to  the  temperature  chart  (Chart  1)  it  will  be 
observed  that  the  temperature  begjin  to  ascen<l  alM)ut  9  a.  m.  on  July  28,  but 
the  patient  complained  of  no  symptoms  until  nearly  twenty-four  hours  later. 
The  incubation  period  in  tliis  case,  therefore,  is  about  three  days  and  eighteen 
hours,  reckoning  it  from  the  9  a.  m.  tem])erature  on  July  28. 

Hxpcrimrnt  .Vo.  2. 

Case  2,  Chart  k?.— W.  K.  H.,  private,  first  class,  Hospital  Corps.  Not  previously 
exposed  to  dengue  so  far  as  known.  In  good  health.  At  11  a.  m.,  July  31,  1906, 
was  given  an  intravenous  inoculation  of  20  minims  of  blcMxl  from  Case  30  (Chart 
B),  who  was  suffering  from  a  typical  attack  of  dengue  of  four  days'  duration 
at  the  time  the  blood  was  obtained.  No  sympt^mis  appeared  in  Case  2  until 
early  in  the  morning  of  August  3,  as  is  shown  by  the  following  r^sum^  of  the 
clinical  record: 

July  31:  Inoculated  with  dengue  bkK>d  as  stated. 

Aagatlk  3  *»d  2:  Feels  well. 
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August  3:  At  2  a.  in.  patient  awakened  by  pain  in  chest  and  some  difficulty 
in  breatliing.  This  soon  passed  away  and  patient  slept  until  morning.  Felt 
well  upon  awaking  this  morning  but  soon  developed  sharp  pain  in  the  head, 
muscles  of  the  back  and  legs.  Complains  also  of  a  slight  cough  and  pain  in 
the  eyes.     Had  slight  chill  at  5.30  p.  m.  to-day.     No  appetite. 

August  4:  Patient  complains  of  severe  pains  in  the  lumbar  region  but  has  no 
headache.  Diarrhcpa  is  present,  the  stool  licing  watery  in  character.  No  appetite. 
His  general  appearenoe  is  typical  of  dengue. 

August  5:  Still  complains  of  the  lumbar  pain;  at  0  p.  m.  complained  of 
abdominal  pain,  accompanied  by  slight  nausea,  vomiting  and  diarrhcea.  No 
eruption  has  been  observed. 

August  G:   Patient  feels  well. 

August  7:   Patient  feels  well. 

August  8:  Has  headache  and  pain  in  muscles  and  joints.  Last  night  was 
verv  nervous,  almost  delirious.     Otherwise  feels  well. 

August  9:   Feeling  well.     Returned  to  duty  August  14,   1906. 

Remarks. — In  this  case  the  incubation  period,  as  shown  by  the  accompanying 
chart,  was  approximately  two  days  and  nineteen  hours.  The  temperature  curve 
is  typical  of  a  moderately  severe  case  of  dengue  and  the  symptoms  corresponded; 
the  terminal  rise  and  fall  is  well  shovi-n  in  this  chart.  No  eruption  occurred  at 
any  time,  although  otherwise  the  symptoms  were  typical,  with  the  exception  of 
the  diarrhoea,  which  was  present  for  a  short  time,  accompanied  by  nausea  and 
vomiting,  which  we  regard  as  rather  the  exception  than  the  rule  in  dengue. 

Experiment  No.  3. 

Case  3,  Chart  3. — E.  W.,  private,  first  class.  Hospital  Corps,  United  States 
Army.  At  the  time  of  inoculation  this  man  was  perfectly  well  and  had  not  been 
exposed  to  dengue.  He  was  given  an  intravenous  inoculation  at  2  p.  m.,  August 
10,  of  20  minims  of  blood  from  Case  30  (sec  Chart  C').  The  latter  case  was 
typical  of  dengue,  which,  at  the  time  the  blood  was  taken  had  lasted  a  little 
over  three  davs.     The  clinical  record  of  Case  3  follows: 

August  10:  Inoculated  with  dengue  blood  at  2  p.  m.  to-day,  the  injection  being 
made  into  a  vein  of  the  forearm. 

August  17  and  18:   Patient  feels  well. 

August  19:  Slight  temperature  last  night,  but  no  headache,  pain  or  other 
symptoms. 

August  20:  Last  night  j)atient  suffered  from  headache,  pain  in  bones  and 
muscles  of  back,  and  severe  pain  in  the  knee  articulations.  Slept  poorly.  This 
morning  lias  headache,  located  in  the  temporal  region,  and  general  muscular 
pain.  Eyeballs  are  tender  to  the  touch  and  also  pain.  Stomach  and  bowels 
normal.  No  appetite.  An  eruption,  which  appeared  this  morning  covers  almost 
the  entire  body,  but  is  especially  marked  over  the  trunk  and  arms;  it  consists 
of  very  line,  sli^rlitly  elevated  papules,  dark-red  in  color,  the  color  disappearing 
upon  pressure. 

August  21  :  Feels  somewhat  better  this  morning.  lias  pain  in  eyes,  shoulders, 
wrists  and  knees.  The  eruption  is  still  present  but  is  not  so  vivid  in  coloring 
as  yesterday.     Appetite  poor.     Bowels  regular.     Tcmgue  clean  and  moist. 

August  23:  Patient  had  more  headache  last  night  but  feels  much  better  this 
morning.  Is  having  very  little  pain  now.  The  eruption  is  still  present  and  the 
itching  is  constant.     The  bowels  are  loose.     Appetite  good. 

August  24:  Had  headache  last  night  which  caused  insomnia,  also  a<^ing 
pain,  severe  in  character,  in  muscles  and  joints.     The  eruption  has  greatly  in- 
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creased,  covering  the  entire  body,  being  especially  marked  over  the  trunk  and 
limbs. 

August  25:  Patient  slept  well  and  all  syniptoniB  have  disappeared  except 
slight  headache  and  pain  in  the  eyes.  Hie  eruption  is  fading  and  the  itching 
is  very  annoying;  there  is  considerable  desquamation  present  in  the  form  of 
small  white  scales. 

August  27:   Eruption  has  disappeared.     Patient  feels  well. 

August  31 :  Returned  to  duty. 

Remarks. — The  incubation  perio<l  in  this  ease  was  about  two  days  and  eighteen 
hours.  The  temperature  curve  is  not  as  characteristic  as  is  generally  observed, 
but  the  symptoms  were  very  typical,  and  the  fact  that  we  were  able  to  produce 
a  very  severe  case  of  dengue  by  the  injection  of  the  filtered  blood  of  this  patient 
proves  beyond  doubt  the  nature  of  the  disease  (see  Case  9,  Chart  9).  An 
interesting  feature  of  this  case  is  the  early  appearance  of  a  well-marked  erup- 
tion, which,  after  fading  gradually,  increased  again  during  the  crisis  and  finally 
disappeared,  accompanied  by  considerable  desquamation.  It  is  also  interesting 
to  note  that  in  the  case  of  dengue  referred  to  as  being  produced  by  the  inocula- 
tion of  filtered  blood  from  this  case,  the  eruption  appeared  early  and  presented 
the  same  characteristics.  While  the  temperature  was  low  the  symptoms  were 
more  severe  than  in  many  others  in  which  the  fever  was  much  greater,  and  the 
eruption  was  almost  as  well  marked  as  in  any  case  that  we  have  observed. 

In  the  three  cases  just  described  the  inoculations  were  made  as  soon  as  the 
subject  volunteered,  no  previous  experiment  in  the  way  of  exposure  to  fomites  or 
mosquitoes  having  been  tried.  In  the  case  which  follows,  the  inoculations  were 
used  as  a  final  test  of  immunity,  the  men  inoculated  having  been  exposed  to  both 
fomites  and  infected  mosquitoes. 

Eitperinient  No.  ). 

Case  ^,  Chart  4- — C.  H.  B.,  private,  Troop  A,  Eighth  Cavalry.  Had  been 
exposed  to  dengue,  his  troop  having  had  eighteen  men  on  sick  report  with  the 
disease.  At  time  of  volunteering  he  was  in  gocxl  health,  and  stated  that  he  had 
never  had  any  serious  illness.  The  following  is  a  brief  r4sum^  of  the  clinical 
record  in  this  case: 

September  22:  ExiM)sed  to  fomites  of  dengue,  l)eing  plai-ed  with  thn»e  dengue 
cases  in  a  mosquito-proof  tent,  sleeping  in  their  beds  and  wearing  their  under- 
clothes. 

September  26:  Xo  result  being  obtained  from  fomites  after  four  days,  the 
patient  is  to  sleep  to-night  under  net  with  about  forty  mosquitoes  which  bit 
Case  38,  who  had  a  typiciil  case  of  dengue  (sco  Chart  D)  on  the  night  of 
September  25. 

September  27:   Feels  well.     Says  he  was  not  bitten  by  a  single  mosquito. 

September  28:  Feels  well.  Says  that  he  has  not  yet  been  bitten  by  the 
mosquitoes. 

September  28  to  ()ctol)er  2:  During  this  time  the  patient  has  slept  imder  the 
net  containing  the  infected  mostjuitoes,  but  claims  that  he  has  not  been  bitten 
at  all,  and  his  statement  is  (•cmlirined  by  the  fact  that  the  mosquitoes  all 
remained  empty  during  this  time,  and  made  no  attempt  to  bite,  most  of  them 
dying  while  within  the  mosquito  net.  He  states  that  so  far  as  he  knows  he  has 
never  been  bitten  by  a  mosquito,  altliough  he  had  campaigned  in  localities  in  Africa 
which  were  almost  uninhabitable  lieeause  of  these  insects.  At  first  we  were 
inclined  to  doubt  his  statements  in  this  respect,  but  observation  has  convinced 
OS  th«t  ibis  man  is  really  immune  to  mosquitoes. 
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October  3:  At  10  a.  m.  the  patient  was  given  intravenously  20  minims  of 
blood  from  (^ase  44  ( see  Chart  K ) ,  a  very  typical  case  of  denize  of  abou£  three 
and  one-half  days*  duration. 

October  4  and  5 :   Feels  well. 

October  6:  Last  night  about  10.30  the  patient  complained  of  fever  and  mus- 
cular pains.  This  morning  has  severe  pain  in  head,  back  and  limbs.  Face 
greatly  flushed,  conjunctivae  congested.  Bowels  constipated.  Tongue  moist  with 
thin  white  coating. 

October  7 :  Vomited  last  night.  Has  less  pain  this  morning,  located  mostly 
in  the  muscles  of  the  loins  and  thighs.  Has  considerable  headache  and  pain  in 
the  eyes  upon  movement.  Tongue  moist  and  entirely  covered  with  a  yellowish 
coat.  Bowels  normal.  Feels  much  lietter  but  still  has  muscular  pain  and 
headache. 

October  9:   Feeling  well. 

October  10:  Had  headache  and  pain  last  night,  but  feels  well  this  morning. 

October  15:  Returned  to  duty. 

Remarks. — ^The  temperature  curve  in  this  case  is  one  often  observed  in  naturally 
acquired  dengue  and  the  symptoms  throughout  were  typical  of  the  disease. 
The  absence  of  an  eruption  is  to  be  noted,  not  that  it  is  unusual  in  many  natural 
infections,  but  because  in  our  experimental  cases  an  eruption  was  almost  always 
present.  Thus  of  the  ten  cases  in  which  we  were  successful  beyond  doubt  in 
producing  dengue,  eight  presented  well  marked  eruptions,  while  one  was  somewhat 
doubtful  in  this  respect. 

Experiment  No.  5. 

Vase  5,  Chart  5. — C.  R.  D.,  second-class  private,  Company  B,  Engineer  Corps, 
United  States  Army.  This  man  at  the  time  of  volunteering  was  in  good  health, 
but  had  been  exposed  to  dengue  during  the  Fort  William  McKinley  epidemic. 
He  was  observed  for  a  period  of  four  days  before  any  experiments  were  made. 
The  following  is  the  clinical  record  of  this  case: 

September  19:  At  1  p.  m.  a  small  abrasion  was  made  on  the  mucous  membrane 
of  his  cheek,  and  the  patient  then  rinsed  his  mouth  with  blood  from  a  dengue 
case,  diluted  with  salt  solution.     No  results  were  obtained  from  this  experiment. 

October  4 :  Patient  slept  last  night  under  a  mosquito-bar  with  mosquitoes  that 
had  bitten  a  typical  case  of  dengue  the  night  before.  He  was  bitten  several 
times  during  the  next  few  nights,  but  dengue  did  not  develop. 

October  22:  At  3  p.  m.  to-day  an  intravenous  inoculation  of  20  minims  of 
blood  from  a  dengue  case  (Case  60,  Chart  F)  was  given  the  subject. 

October  23,  24,  and  25:   Patient  is  feeling  well. 

October  26:  At  7  p.  m.  to-day  the  patient  complained  of  headache,  pain  in 
the  lumbar  region  and  the  legs,  and  loss  of  appetite. 

October  27  and  28:  Patient  complains  of  severe  headache,  pain  in  the  lumbar 
region  and  in  the  joints.  ?lis  hands  and  wrists  are  slightly  swollen,  and  the 
face,  arms  and  hands  greatly  flushed.     He  is  constipated  and  has  no  appetite. 

October  29:  Feeling  much  better.  An  eruption  has  appeared  upon  the  chest 
and  abdomen,  resembling  more  the  eruptions  due  to  heiit  than  a  dengue  eruption. 
He  is  still  con?»tipated  and  has  but  little  appetite. 

Octoljer  30  and  31:  Patient  feels  well.  There  is  a  marked  rash  over  the  bade 
and  chest  which  upon  the  31st  had  extended  to  the  arms  and  legs.  This  rash 
is  a  typical  dengue  rash. 

November  1 :  Tlie  rash  is  still  well  marked  and  is  present  over  the  entire 
body,  including  the  palms  of  the  hands  and  the  soles  of  the  feet. 
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November  2 :   Patient  feeling  well  and  tlie  eruption  has  almost  disappeared. 

November  6 :  Returned  to  duty. 

Remarks. — It  will  be  observed  that  this  patient  did  not  contract  dengue 
through  the  mucous  membrane  of  the  mouth  nor  from  mosquito  bites.  As  re- 
gards the  latter  experiment,  we  can  not  be  sure  that  he  was  bitten  more  than 
one  or  two  times  by  mosquitoes.  From  the  intravenous  inoculation  of  dengue 
blood  he  developed  a  very  typical  case  of  the  disease  as  will  be  seen  by  referring 
to  the  temperature  chart.  The  incubation  period  in  this  ease  was  longer  than 
in  any  of  our  previous  cases,  l)eing  four  days  and  four  hours. 

Experiment  No.  6. 

Case  6,  Chart  6. — J.  E.  S.,  private,  Troop  H,  Eighth  Cavalry.  At  time  of 
exfieriments  this  man  was  in  good  health,  but  had  been  exposed  to  dengue  at 
Fort  McKinley.  The  following  is  a  record  of  the  experiments  performed  in  this 
case: 

September  22:  Exposed  last  night  to  mosquitoes  that  bit  Case  41  (Chart  G) 
on  September  13.     Says  that  none  bit  him  during  the  night. 

September  23:  Exposed  again  last  night  to  mosquitoes,  and  says  he  was  bitten 
once.     Dengue  did  not  result  from  this  experiment. 

October  7:  Patient  was  exposed  to  mosquitoes  that  bit  Case  44  (Chart  E)  the 
night  before. 

October  8  to  15:  Patient  feeling  well,  and  states  that  he  does  not  know 
whether  he  has  been  bitten.    Dengue  did  not  result  from  this  experiment. 

October  25:  Slept  last  night  with  mosquitoes  that  had  bitten  Case  60  (Chart 
F),  and  was  bitten  at  least  twice. 

October  26  to  28:  Mosquitoes  have  disappeared  and  patient  has  not  been 
bitten  again.     Dengue  did  not  result  from  this  experiment. 

October  31:  Slept  with  mosquitoes  that  had  bitten  Case  65  (Chart  J)  last 
night. 

November  1  to  3 :   Has  been  bitten  several  times  by  the  mosquitoes. 

November  4 :  Patient  feeling  well  and  mosquitoes  have  all  disappeared.  Dengue 
did  not  result  from  this  experiment. 

November  8:  At  3  p.  m.  to-day  the  patient  was  inoculated  intravenously  with 
20  minims  of  blood  from  Case  70  ( Chart  K ) .  The  man  from  whom  the  blood  was 
taken  had  a  typical  attack  of  dengue  ft^ver,  and  the  inoculation  was  made  upon 
the  third  dav  of  the  disease. 

November  10  to  14:   Patient  feeling  well. 

November   15:   In  the  afternoon  the  patient  had  a   slight  chill,  headache  and 

general  pains  in  the  muscles. 

November  16:  Patient  complains  of  severe  headache,  backache  and  pain  in 
the  limbs.     Has  no  appetite. 

November  17  to  20:  During  this  time  the  patient  presented  the  usual  symp- 
toms of  dengue,  which  have  already  been  indicated. 

Remarks. — The  chief  point  of  interest  in  this  case  is  the  long  period  of  incuba- 
tion, exceeding  that  of  any  experimental  case  that  we  have  observed.  Inoculation 
was  made  at  3  p.  m.  on  November  8,  and  the  first  symptoms  appeared  in  the 
afternoon  of  November  15,  making  the  incubation  period  about  seven  days.  It 
should  be  remembered  that  this  man  had  already  passed  through  a  severe 
epidemic  of  dengue,  and  it  is  probable  that  he  possessed  a  relative  immunity  to 
the  disease,  although  his  clinical  symptoms  were  typical  and  rather  severe  in 
character. 
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Experiment  No.  7. 


Case  7,  Chart  7. — W.  J.,  privat€,  Troop  D,  Eighth  Cavalry.  This  case  is  of 
interest  because  the  experimental  dengue  was  complicated  by  an  attack  of 
malarial  fever.  He  had  been  exposed  to  dengue  at  Fort  McKinley  but  was  in 
good  health  at  the  time  of  volunteering.  The  following  is  the  clinical  record  of 
this  case : 

September  19  to  26:  Patient  wa»  exposed  to  fomites  of  dengue  during  this 
time  in  the  usual  manner. 

September  26:  Exposed  to  mosquitoes  that  had  bitten  Case  80  (Chart  L)  the 
night  before.  This  case  was  afterward  found  to  be  suffering  from  estivo-autumnal 
malaria. 

September  27  to  October  8:   Patient  is  feeling  well. 

October  8:  Slept  last  night  under  a  bar  with  mosquitoes  that  bit  Case  4 
(Chart  4),  and  upon  the  night  of  the  9th  was  bitten  twice.  Dengue  did  not  result 
from  this  experiment. 

October  25:  Slept  last  night  imder  a  bar  with  mosquitoes  that  bit  Case  81 
(Chart  M)  the  night  before.  Patient  states  that  he  did  not  feel  well  during 
the  night,  and  complains  of  pain  in  the  back  of  the  head  and  in  the  lumbar 
region. 

October  26  to  October  28:  Patient  is  feeling  better,  lestivo-autumnal  malarial 
parasites  were  found  in  his  blood  on  the  afternoon  of  October  27,  and  quinine  at 
once  administered. 

October  30  to  November  4:  Patient  is  feeling  well.  No  further  experiments 
were  instituted  until  November  17. 

November  17:  Inoculated  at  10.30  a.  m.  with  20  minims  of  blood  from  Case 
82  (Chart  N),  who  was  suffering  from  a  typical  attack  of  dengue,  whidi  had 
lasted  about  three  days. 

November  18  to  November  23:   Patient  feeling  well. 

November  24:  At  10  a.  m.  patient  had  a  slight  chill,  followed  by  high  fever. 
Upon  November  22  an  eruption  had  been  noticed  covering  the  entire  body,  which 
resembled  the  eruption  of  dengue. 

November  26:  Patient  is  feeling  well,  and  is  free  from  pain.  He  states  that 
he  had  had  considerable  pain  for  several  days  before  his  chill.  He  is  covered 
with  an  abundant  rash  which  presents  all  the  characteristics  observed  in  our 
other  dengue  cases. 

Remarks. — There  are  peveral  points  of  interest  in  this  case.  Upon  September 
26  he  was  exposed  to  the  bites  of  mosquitoes  that  had  bitten  a  case  of  estivo- 
autumnal  malaria.  Upon  October  25  he  developed  an  attack  of  malarial  fever, 
and  the  sestivo-autumnal  parasites  were  found  in  his  blood.  He  denied  that  he 
had  ever  suffered  from  malaria  previously,  and  while  we  have  been  careful  to 
liberate  only  mosquitoes  of  the  genus  Culex  fatigans  Wied.,  beneath  the  bars  of 
the  men  experimented  upon,  it  may  be  that  an  Anopheles  may  have  been  present'' 
with  the  mosquitoes  liberated.  However,  as  the  Anopheles  mosquitoes  are  present 
here,  it  is  much  more  probable  tliat  the  infection  occurred  from  mosquitoes 
which  had  bitten  a  nuilarial  case  at  some  other  time.  It  is  difficult  in  this 
case  to  determine  just  exactly  the  period  of  incubation,  and  the  chart  is  also  , 
atypical  because  of  the  concurrent  malarial  infection.  However,  the  clinical 
symptoms,  were  very  typical,  and  the  presence  of  the  rash  removes  all  doubt  as  to 
the  nature  of  the  infection. 
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Experiment  No.  8. 

Case  8,  Chart  8. — R.  R.,  private,  Company  H,  Thirteenth  Infantry.  This 
man  was  in  good  health  at  the  time  of  volunteering,  but  had  been  exposed  to 
dengue  during  the  epidemic  at  Fort  William  McKinley.  The  following  is  a 
clinical  record  of  the  case: 

September  12:  Inoculated  intravenously  with  one-half  minim  of  blood  from 
Case  83  (Chart  O),  who  was  suffering  from  a  typical  attack  of  dengue. 

September  15:  Patient  states  that  he  had  a  severe  headache  last  night,  com- 
mencing at  midnight.     Still  complains  of  headache  and  pain  in  the  arms. 

September  16:  Still  complains  of  headache,  but  has  no  other  pain.  Bowels 
constipated,  appetite  poor. 

September  17  to  19:  Patient  is  feeling  well. 

'September  19:  Inoculated  intravenously  at  1  p.  ni.  with  1  cubic  centimeter  of 
filtered  blood  from  Case  11  (Chart  11).     No  result. 

September  25:  Inoculated  intravenously  at  1  p.  m.  with  20  minims  of  blood 
from  Case  38  (Chart  D).     No  result. 

Remarks. — We  have  regarded  this  case  as  doubtful,  although  we  are  inclined 
to  believe  that  the  rise  of  temperature  upon  September  15  was  due  to  a  slight 
attack  of  dengue  produced  by  the  inoculation  of  one-half  minim  of  dengue  blood. 
This  is  much  less  blood  than  we  have  used  in  our  other  experiments  and  it  may 
be  that  the  slight  symptoms  produced  are  due  to  this  fact.  If  this  man  did  not 
suffer  from  an  attack  of  dengue  during  his  first  inoculation  he  must  have  been 
immune,  as  neither  the  subcutaneous  inoculation  of  filtered  blood  or  the  intra- 
venous inoculation  of  unfiltered  blood  produced  any  result. 

Summary. — The  intravenous  inoculation  of  unfiltered  dengue  blood 
into  healthy  men  is  capable  of  producing  a  typical  dengue  attack  in  such 
men.  Thus,  of  eleven  men  so  inoculated,  seven  suffered  from  dengue 
fever  produced  in  this  manner,  while  in  one  the  result  was  doubtful. 
Three  of  the  men  were  ininiune  to  the  disease  after  inoculation. 

5.    INTRAVENOV8   INOCULATION   OF  FILTERED   DENGUE  BLOOD. 

Having  proven  by  our  inoculation  experiments  with  unfiltered  blood 
from  dengue  patients  that  the  disease  could  be  thus  transmitted  and, 
furthermore,  that  while  the  cause  must,  therefore,  be  present  in  the 
blood,  it  is  not  possible  to  demonstrate  it  in  eitlier  fresh  or  stained 
specimens  by  any  known  method  of  examination,  we  are  forced  to  the 
conclusion  that  tlie  causative  organism  must  be  ultramicroscopic,  as  in 
the  ease  of  yellow  fever,  rinderpest,  etc. 

The  most  important  diseases  which  have  been  proven  to  be  due  to  a  contagion 
which  passes  through  porcelain  or  diatomaceous  filters  are  foot-and-mouth  dis- 
ease, pleuro-pneumonia  of  cattle,  yellow  fever,  rabies,  rinderpest.  South  African 
horse  sickness,  and  hog  cholera. 

Loeffler  and  Frosch  (26),  in  1898,  discovered  that  the  cause  of  foot-and-mouth 
disease  in  cattle  passed  through  the  pores  of  a  Berkefeld  filter  which  restrained 
other  well-known  bacteria;  Nocard  and  Roux  (27),  in  the  same  year,  proved  that 
the  organism  causing  the  pleuro-pneumonia  of  cattle  passed  through  a  Berkefeld 
and  Chamberland  F  filter,  but  not  through  a  Chamber  land  B;  they  were  also 
successful  in  cultivating  the  organism  by  the  collodion-sac  method,  but  as  they 
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demonstrated  that  it  could  be  seen,  though  indistinctly,  with  a  power  of  2,000 
diameters,  it  can  hardly  be  claimed  that  this  organism  is  ultramicroscopic.  In 
1902,  Reed  and  Carroll  (28)  filtered  the  blood  of  yellow  fever  patients  and 
proved  that  the  virus  passes  through  a  Berkefeld  filter  by  producing  the  disease 
by  inoculating  the  filtrate;  Rosenau  and  Francis  (29),  in  1903,  found  that  the 
cause  of  yellow  fever  passes  through  a  Chamberland  B  filter.  The  virus  of 
rabies,  according  to  Reralinger  and  RifTat  Bey  (30),  passes  through  the  most 
porous  of  the  Berkefeld  filters,  but  not  through  other  porcelain  or  diatomaceous 
filters.  In  rinderpest,  Nieolle  and  Adil  Bey  (31)  have  proven  that  the  cause 
passes  through  the  Berkefeld  and  Chamberland  F  filters;  Nocard  (32),  in  1901, 
found  that  the  virus  of  South  African  horse  sickness  passed  through  the  Berke- 
feld filters,  and  in  1900,  McFadyean  (33)  demonstrated  that  it  also  passed 
through  the  pores  of  a  Chamberland  F  and  Chamberland  B  filter.  The  recent 
investigations  of  Dorset,  Bolton,  and  McBryde  (34)  prove  that  the  organism 
causing  hog  cholera  is  filterable  through  Berkefeld,  Chamberland  F  and  Cham- 
berland B  filters,  and  as  easily  through  one  as  the  other;  they  also  prove  that 
the  organism  so  long  regarded  ns  the  cause  of  the  disease — ^that  is,  B.  cholera 
8ui9 — is  not  concerned  in  the  etiology  of  hog  cholera,  the  disease  being  produced 
by  the  filterable  virus.  Of  the  diseases  mentioned,  the  causative  organism  has 
been  demonstrated,  with  the  highest  power  of  the  microscope,  in  but  one — that  is, 
pleuro- pneumonia — and  in  this  instance  no  morphological  details  could  be  distin- 
guished, the  organism  appearing  simply  as  a  minute  motile  point.  In  all  the 
others  the  parasites  are  ultramicroscopic. 

In  order  to  determine  if  dengue  belonged  to  this  class  of  infections, 
we  determined  to  try  the  effect  of  the  intravenous  inoculation  of  filtered 
blood  from  dengue  patients  into  healtliy  men.  We  have  experimented 
in  this  way  upon  two  men  in  lx)th  of  whom  we  have  been  successful  in 
producing  very  typical  attacks  of  dengue  accompanied  by  i*ather  severe 
symptoms. 

FILTERS    USED   AND    CONTROL.    METHODS. 

In  our  filtration  experiments  we  have  employed  a  Lilliput  diato- 
maceous filter,  which  was  tested  each  time  before  it  was  used.  Before 
using,  the  filter  was  sterilized  and  the  filtration  done  under  730  milli- 
meters pressure. 

After  filtering  the  blood  the  following  control  test  of  the  filter  was 
made  in  each  case:  A  suspension,  in  nutrient  bouillon,  was  made  of 
M.  melitensis  and  S,  cholerce,  and  then  filtered  through  the  filter  used  in 
filtering  the  blood ;  the  filtrate  was  then  incubated  for  two  weeks,  daily 
examinations  of  it  being  made.  The  filter  in  use  retained  both  these 
organisms,  the  filtrate  remaining  sterile  for  two  weeks  when  it  was 
thrown  away.  In  the  control  filtrations  the  same  filter  was  used,  after 
careful  sterilization,  as  was  employed  for  the  dengue  blood,  and  the  same 
pressure  was  maintained  during  filtration. 

Besides  the  control  test  of  the  filter,  wo  kept  in  each  case  a  portion 
of  the  filtered  dengue  blood  for  a  period  of  ten  days,  making  daily 
examinations,  and  in  one  case,  several  cultures  in  bouillon.  No  growth 
was  obtained  in  either  the  filtered  blood  or  the  cultures. 
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Experiment  No.  9. 

Case  9,  Chart  9. — E.  J.  D.,  private  Hospital  Corps,  United  States  Army.  On 
August  21,  1906,  10  cubic  centimeters  of  blood  was  drawn  from  the  median  basilic 
vein  of  Case  2,  an  experimental  case  of  dengue  which  has  been  described  (see 
Case*  2,  Chart  2).  The  blood  was  taken  on  the  third  day  of  the  disease,  the 
symptoms  of  the  patient  at  the  time  consisting  of  fever,  headache,  severe  pain 
in  the  muscles  of  the  shoulders,  in  the  wrists  and  knees,  while  there  was  present 
a  typical  dengue  eruption. 

The  blood  was  rapidly  defibrinated,  diluted  with  an  equal  amount  of  normal 
salt  solution,  and  filtered  through  a  Lilliput  filter,  controlled  as  described.  The 
filtration  of  a  sufficient  quantity  for  use  was  completed  in  about  three-quarters 
of  an  hour.  Of  the  filtrate,  50  minims,  containing  20  minims  of  the  filtered 
blood,  was  inoculated  intravenously  into  Case  9  at  4.20  p.  m.,  August  21.  The 
patient  at  the  time  of  inoculation  had  been  in  the  hospital  under  observation 
for  several  weeks,  and  as  no  eases  of  dengue  had  occurred  in  the  hospital,  he  had 
not  been  exposed  to  the  disease.  No  symptoms  of  importance  developed  imtil 
August  25,  the  period  of  incubation  being  three  days  and  eleven  hours.  Previous 
to  the  decided  onset  of  the  disease  there  *had  been  slight  fever  and  some  pain  in 
the  back,  symptoms  which  were  probably  due  to  a  gonorrhcea  from  which  he  had 
suffered  for  some  time.     The  following  is  the  clinical  record  of  this  case: 

August  21 :  Inoculated  intravenously  at  4.20  p.  m.  with  25  minims  of  filtered 
dengue  blood  from  Case  2. 

August  22  and  23:   Feeling  well. 

August  24:  Slight  muscular  pains. 

August  25,  9  a.  m.:  Patient  complains  of  pain  in  muscles  of  neck,  shoulders 
and  knees.     Has  some  headache.     Bowels  constipated.     Tongue  moist  and  clean. 

August  25,  4  p.  m. :  The  symptoms  have  increased  in  severity.  The  headache 
is  frontal  and  intense;  there  is  severe  pain  located  behind  the  eyeballs,  which 
are  painful  on  pressure.  There  is  general  muscular  pain,  especially  in  the  muscles 
of  the  jaw,  lumbar  region,  and  in  the  calves  of  the  leg.  Patient  states  that  his 
bones  ache  and  that  he  is  unable  to  rest  comfortably  in  any  position.  He  also 
complains  of  severe  pain  in  the  articulations.  An  eruption  is  present,  covering 
the  chest,  abdomen  and  thighs,  and  is  especially  marked  over  the  forearms  and 
around  the  wrists;  it  is  dull  red  in  color,  consisting  of  minute  elevations  sur- 
rounded by  a  vivid  flush,  which  makes  the  rash  appear  confluent  in  character. 

August  26:  Patient  passed  a  very  restless  night,  suffering  from  insomnia  and 
severe  pain  in  the  back,  chest,  legs,  head,  and  eyes.  This  morning  still  has  severe 
pain  in  these  regions.  There  has  b<rn  no  vomiting  and  the  bowels  are  constipated. 
Tongue  is  moist,  with  a  slight  white  coating.  The  eruption  covers  the  entire  body 
and  is  more  marked  than  yesterday.  Tliere  is  complete  h»ss  of  appetite  and  the 
patient  is  very  restless. 

August  27:  Feels  much  more  comfortable  this  morning.  The  steady  ache  in 
the  muscles  has  disappeared  hut  he  still  sutlers  from  lancinating  pains  in  the 
head,  back,  and  legs.     The  eruption  has  almost  disappeared. 

August  28:  Passed  another  restless  night  and  suff'ered  a  great  deal  from  pain 
in  the  muscles.  This  morning  he  ecmiplains  of  severe  headache  and  pain  in  the 
loins  and  legs,     llie  eruption  has  faded  from  the  trunk.     Has  no  appetite. 

August  29:  Feels  better  this  morning.  Still  has  headache  and  pain  in  the 
eyes,  but  the  general  muscular  pain  has  disappeared. 

August  30:  Still  complains  of  pain  in  the  head  and  eyes  but  slept  well  last 
night. 
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August  31 :  Patient  states  that  he  feels  very  well  this  moming.  Has  no  pain 
and  appetite  is  returning.  There  is  present  a  very  profuse  dengue  eruption 
covering  the  entire  body,  especially  marked  upon  the  armB,  legs,  hands  and  feet. 

September  1:  Feels  well.  The  eruption  is  less  distinct  although  it  still 
covers  the  entire  body. 

September  2:  Is  feeling  well  in  every  away  and  eruption  has  disappeared. 

September  4:  Discharged. 

Remarks, — ^This  case,  as  shown  by  the  clinical  record  and  the  chart,  is  typical 
of  severe  dengue,  but  the  initial  eruption  was  more  marked  than  in  any  of  our 
cases.  The  patient  suffered  greatly  from  the  headache  and  the  muscular  pains. 
He  repeatedly  stated  that  he  felt  as  though  every  bone  in  his  body  had  been 
broken. 

The  temperature  chart  presents  a  high  range  of  fever,  with  not  as  marked  a 
period  of  remission  as  is  generally  observed ;  it  will  be  noted  that  moming  remis- 
sions occurred  regularly,  but  that  in  the  afternoon  the  temperature  ascended, 
reaching  104°  F.  on  three  consecutive  days;  a  more  permanent  remission  occurred 
upon  the  fifth  day,  succeeded  upon  the  sixth  by  the  final  rise  and  the  crisis,  the 
temperature  reaching  normal  upon  the  weventh  day. 

An  eruption  Hppeare<l  in  this  caMe  ui>on  the  first  day  (the  so-called  initial 
eruption),  extending  over  the  client,  aMomen  and  thighs.  The  typical  dengue 
eruption  occurred,  as  is  usual,  during  the  crisis,  and  was  very  profuse,  extending 
over  the  entire  body,  even  the  hands  and  feet  being  covered  with  it.  The  severe 
initial  eruption  in  this  case  is  ver}'  unusual,  and  it  is  most  interesting  to  find. 
iil>on  reference  to  the  clinical  history  uf  Cttse  2,  from  whom  this  man  was  inocu- 
lated, that  an  eruption  occurred  in  this  case  hIho  upon  the  second  day  of  the 

disease. 

Experiment  A'o.  10. 

Case  lOy  Chart  10. — B.  S.,  first-class  private.  Hospital  Corps,  United  States 
Army.  On  August  31,  1906,  at  12.15  p.  m.,  this  man,  who  had  been  on  duty  at 
the  Division  Hospital  for  weeks  and  had  not  been  exposed  to  dengue,  was  given 
an  intravenous  injection  in  the  arm  of  3.75  cubic  centimeters  of  normal  salt  solu- 
tion containing  20  minims  of  dengue  blood  "from  Case  87  (Chart  H).  Ten  cubic 
centimeters  of  bloo<l  was  taken  from  the  medium  basilic  vein  of  Case  87  at  10.30 
a.  m.,  August  31,  diluted  with  normal  salt  solution,  and  filtered  through  the 
same^filters  used  in  (*ase  9.  the  filter  being  controlled  as  has  been  described.  This 
filtered  bloo<l  was  used  for  the  inoculation.  The  patient  from  whom  the  blood 
was  obtained  was  suffering  from  a  rather  severe  attack  of  dengue,  and  the  blood 
was  taken  on  the  fourth  day  of  the  disease. 

After  inoculation  with  the  filtered  blood  no  symptoms  appeared  in  Case  10  until 
midnight  of  September  3,  but  upon  referring  to  the  temperate  chart  it  will  be 
noticed  that  he  had  fever  at  least  sixteen  hours  l)efore  he  complained  of  any 
symptoms.  If  we  assume  that  the  first  rise  in  temperature  indicated  the  onset 
of  dengue,  the  incubation  period  must  have  Imhmi  about  two  and  one-half  days, 
while  if  the  chill,  which  was  the  first  s>'mptoni  the  patient  noticed,  is  oonsidered 
as  marking  the  onset,  the  incubation  perio<l  would  l>e  just  three  days.  We  oon- 
sider  that  the  incubation  period  in  this  mse  was  two  and  one-half  days.  The 
following  is  a  r^sum6  of  the  clinical  record  of  tliis  case: 

August  31:  Inoculated  intravenously  at  12. .30  p.  in.  with  20  minims  of  filtered 
blood  from  Case  87. 

Septeml)er  1 :   Was  restless  last  nijjht  but  at  noon  to-day  feels  welL 

September  2  and  3:    Feeling  well. 

September  4 :   Had  chill  last  night  abo\it  midnight.     This  morning  naimilalll  ^ 
pain  in  the  muscles  and  lx>nes,  especially  of  the  arms.     His  eyes  adM  $nA$ 
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much  CMigeatad  and  the  face  ia  flualied.  Haa  alight  frontal  headache,  and  is  very 
□ervoua.  He  complains  of  pnlpitntion  of  tlic  licart.  Tongue  moist  and  clean. 
Appetite  poor. 

September  5:  Is  feeling  very  nervous  this  morning  and  was  delirious  last 
night.  Haa  pain  in  head,  baek,  arms  and  legs.  No  appetite,  Ton^e  moist,  with 
heavy,  yellowiah  coating.     Dowels  loose. 

September  &:  Spent  a  restle^H  night,  but  in  not  bo  nurvoiiH  this  morning. 
Complains  of  Bevpre  pain  in  the  liack  and  lej^-,  Tonpio  nioiat,  with  yellowiah 
eoating.  There  in  ii  faint,  alightlv  elevHted.  xpurnf,  imieuliiv  eruption  over  tlie 
cheat  and  back. 

September  7:  Patient  had  a  conifortHl>le  night  and  this  morning  han  but  little 
pain.     The  eruption  is  well  marked  over  the  abdomen,  chest,  back  and  arms, 

September  8;  Feeling  very  comfortable.  The  eruption  Ih  fading  a  little. 
Bowels  conatipated.     Appetite  good. 

September  9:  Was  deliriouii  during  tlie  early  morning  hours  and  is  nervoua 
and  restless  this  morning,  but  free  fj-om  pain.     Tlie  eruption  has  largely  disap- 

September  10:  Began  to  feel  better  nl  4  p.  m,  yesterday  and  now  feels  quite 
well.  Slept  well,  but  perspired  very  freely  during  the  niglil.  Tiie  eruption  has 
almost  disappeareil  from  tlie  boily.  but  is  marked  upon  the  forearms  and  wrists. 

September  11;  Feeling  hcI).  Kriiptitm  is  fading  slowly  and  very  slight  de- 
squamation ia  present  in  patches. 

September  13:  Keeling  well,  except  that  appetite  is  still  poor.  Tlie  eruption 
has  almost  dinappeared. 

September  15:   Returned  to  duty. 

Remarkt. — The  symptoms  in  this  caae  were  very  severe,  especially  those  con- 
nected with  the  nervous  system.  The  Hiibject  of  the  experiment  was  of  a  highly 
nervous  temperament,  and  this  fart  aecounts.  in  our  opinion,  for  the  severity  of 
the  nervous  symptAms. 

Xlie  temperature  curve  in  tbiR  case  might  ha  used  ns  an  illustration  of  an  ideal 
dengue  curve,  so  perfectly  does  it  agree  nith  tlie  type  described  by  every  observer 
aa  chwacteristic  of  this  disease.  It  slAiild  be  noted,  however,  (hat  the  tempera- 
lure  )i  higher  in  this  case  than  it  ususlly  is  in  naturally  acquired  <lengue,  or  in 
our  other  experimental  cases,  uith  the  eMvption  of  <'nse  !).  also  prcnliiced  by  the 
intravenous  inoculation  of  Altered  blood. 

The  eruption  in  tbin  case  ap|>eare4l  on  the  fourth  day  of  tbe  disease,  and  had 
ilisappeared  on  the  third  day  following  tbe  crisis,  lasting  in  all  ten  days. 

We  regard  these  two  I'asos  of  ticuguo  produced  In-  tlic  iotnivpuoiis  iujet.-- 
tion  of  filtored  dengue  bloixl  as  tlie  nioist  typiuiil  i-ases  of  the  severe  type 
of  the  disease  whicli  wi>  liiivc  observed  and  we  believe  that  these  two  ex- 
periments prove  com-liisivelv  lhnt  dengue  enn  be  truiisiiiitted  by  blood 
which  lias  been  pacseil  t]iri)ii<r]i  a  tiller  which  retains  orgnnixiiis  as  small 
as  0.4  n  in  diameter  (the  niea-iiirt'iiicnt  of  .1/.  tnetitensis) .  It  also  proves 
that  in  all  probability  llu^  eausalive  agent  is  ultramieroseopic  in  size, 
for  the  reason  that  neitlicr  in  fresh  nor  stained  blood  smears  nor  in  the 
filtrate  obtained  from  dengue  bloo<l,  can  any  organism  be  demonstrated 
with  the  mieroscope.  It  may  be  possible  that  in  some  other  fluid  or 
organ  of  the  body,  or  in  some  phase  of  its  life  history  in  an  insect,  the 
(irganism  may  In-  visible,  for  Sovy,  in  his  wiirk  upon  T.  kiiniti,  has  prover) 
that  even  so  targe  a  para«it«  as  thte  tTj'iianoaoma  may  exist  in  a  form  »» 
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small  in  cultures  that  it  passes  through  a  Berkefeld  filter.  While  this 
may  prove  to  be  true  as  regards  the  dengue  organism,  we  fed  justified  in 
stating^  that,  so  far  as  present  evidence  goes,  the  organism  causing  dengue 
is  ultramicroscopic  in  size.  This  conclusion  explains  the  uniformly 
negative  results  obtained  by  nearly  every  trained  observer  in  the  search  for 
a  dengue  parasite. 

We  conclude  that  an  organism  is  present  in  the  filtrate,  rather  than 
a  toxin,  because  of  the  length  of  the  period  intervening  between  inocula- 
tion and  the  appearance  of  clinical  symptoms,  and  also  because  we  have 
reproduced  the  disease  by  inoculation  of  the  blood  of  experimental  cases. 

There  is  one  point  of  interest  deserving  of  special  consideration  in 
these  two  cases  of  dengue  produced  by  filtered  blood ;  that  is,  the  relatively 
greater  severity  of  the  symptoms.  In  both  these  cases  the  symptoms 
were  more  intense  in  almost  ever}'  particular  than  in  any  of  our  exper- 
imental cases,  despite  the  fact  that  no  greater  amoimt  of  blood  was 
inoculated  in  these  cases.  This  fact  is  very  difficult  of  explanation,  and 
we  must  confess  to  our  ignorance  of  the  cause.  It  may  be  that  the 
admixture  with  salt  solution  or  the  time  consumed  in  filtration,  or  both, 
acts  in  some  way  to  increase  the  virulence  of  the  organism,  or  that  condi- 
tions favorable  to  its  extra-corporeal  development  are  present  during  the 
process  of  preparing  the  filtrate  which  result  in  a  more  virulent  form  of 
the  organism,  though  we  have  no  evidence  to  offer  in  this  respect. 

6.    EXPERIMENTAL  TRAN8MISS10K  OF  DENGUE  BY  THE  MOSQUITO. 

We  have  already  mentioned  the  experiments  of  Graham  (21),  r^arding 
the  transmission  of  dengue  by  the  mosquito,  in  which  he  sefims  to  have 
proven  conclusively  that  such  transrilission  occurs;  we  have  also  notecl 
the  negative  results  obtained  by  Carpenter  and  Sutton  (22),  Ouiteras  and 
Cartaya  (7),  and  Agramonte  (19),  all  of  whom  believe,  however,  that  the 
mosquito  is  the  active  agent  in  the  spread  of  the  disease.  To  one  who 
carefully  studies  the  epidemiolog}'  of  dengue,  the  conclusion  is  almost 
inevitable  that  this  diseases  which  so  closely  resembles  yellow  fever  and 
malaria  in  this  n^spwt,  must  also  be  transmitted  by  some  species  of 
mosquito.  lt«  seasonal  prevalence;  its  occurrence  most  frequently  along 
low-lying,  moist,  coast  regions  and  in  the  valleys  of  rivers;  its  rapid 
diffusion  in  certain  localities,  and  its  lack  of  diffusion  in  others;  its 
relation  to  changes  in  temperature  and  moisture;  its  manner  of  spread 
from  building  to  building  in  infected  places;  the  presence  of  multitudes 
of  mosquitoes  \vlu»rover  dengue  occurs,  and  the  absence  of  the  disease  in 
regions  where  mosquitoes  are  few  in  numlxT  or  absent,  and  the  cessa- 
tion of  the  epidemic  in  badly  infected  districts  when  conditions  arise 
imfavorable  to  the  proi)agation  of  mosquitoes,  all  point  to  some  species 
of  this  insect  as  the  transmitting  agent. 

Accordingly,  having  demonstrated  by  the  intravenous  inocolatiop  * 
unfiltered  dengue  blood  that  the  cause  of  the  disease  is  present  io 
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blood  of  the  infected  individual,  and  that  the  parasite  is  probably 
ultramicroecopic  in  size,  as  proven  by  the  positive  Teeults  of  onr  esperi- 
ments  with  the  filtered  blood,  we  turned  our  attention  to  the  problem 
of  mosquito  transmission.  Unfortunately  for  the  fullest  Buccess  of 
our  work  in  this  direction,  we  were  forced  because  of  lack  of  other 
volunteers,  to  use  a  number  of  men  who  had  already  passed  unharmed 
through  the  epidemic  at  Fort  McKinley  and  the  majority  of  whom  were 
immune,  as  is  proven  by  the  negative  result  of  intravenous  inoculation  of 
dengue  blood.  Thus,  of  the  nine  men  in  whom  we  endeavored  to  produce 
dengue  by  exposing  them  to  the  bites  of  infected  mosquitoes,  three  were  , 
proven  in  this  way  to  be  absolutely  immune,  one  may  have  had  a  slight 
attack  of  dengue  previous  tn  exposure,  while  three  probably  possessed 
a  relative  immunity,  for  while  they  developed  dengue  from  the  inocula- 
tion of  a  comparatively  large  amount  of  dengue  blood,  the  symptoms  were 
mild  in  character,  and  in  one  ease  the  incubation  period  was  greatly 
prolonged.  In  one  instance  already  described  (see  Case  4)  no  immunity 
existed  to  the  disease,  but  the  mosquitoes  refused  to  bite  the  man  under 
any  conditions  we  could  devise. 

The  mosquito  used. — In  looking  over  the  geographical  distribution  of 
dengue  and  various  species  of  mosquitoes,  we  found  but  one  species 
{Culex  faligans  Wied.,)  of  this  insect  that  apparently  occurred  wherever 
dengue  did.  We  do  not  wish  to  be  understood  as  stating  conclusively  that 
this  mosquito  is  the  only  one  which  may  be  present  in  all  dengue- 
infected  regions,  but  only  that,  so  far  as  we  have  been  able  to  determine 
from  the  literature  available,  tliia  species  is  constantly  found  and  is 
mentioned  by  almost  every  recent  investigator  as  being  very  numerous 
during  epidemics  of  this  disease.  In  Theobald's  monograph  the  map 
illustrating  the  known  distribution  of  (Julex  faligans  Wied.  might  al- 
most be  used  to  illustrate  the  distribution  of  dengue  fever,  and  if  to 
this  map  be  added  the  regions  in  which  this  mosquito  has  been  demon- 
strated since  it  was  piihlislieti.  the  association  of  dengue  and  Oulex 
faiigans  Wie<l.,  is  still  more  striking. 

.  For  this  reason,  and  liecaiise  this  mosquito  was  employed  by  Oraham 
in  his  experiments,  we  decided  to  work  with  this  species  at  first,  and  in 
the  event  of  our  results  being  negative,  to  extend  our  work  to  embrace 
other  species. 

We  have  used  mosquitiH's  rfarod  in  captivity,  and  also  those  caught  in 
natural  surrounding?.  Hiiwi-vcr,  in  our  successful  case  produceil  by 
the  mosquito,  we  used  mosquitoes  reare<l  by  us  from  the  egg,  and  thus 
we  are  sure  that  no  infection  occurred  in  these  insects  l>eforc  they  bit 
the  dengue  patients. 

Our  mosquito  experiments  were  conducted  as  follows:  The  patient 
suffering  from  dentrue  was  placed  in  a  bed  beoeath  s  mosquito  net  in 
(1  mosqiut')-jiro"if  tent.  At  iiii;lit  from  tw.'iity  to  lliirtv  ni-wjuitncs  were 
liberaliil  bciieiitli  tlic  nlo)^(|uito  bur  and  cullecte'l  in  the  morning:  almost 
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invariably  ail  the  mosquitoes  left  alive  had  bitten  and  were  full  of 
blood.  The  subject  to  be  experimented  upon,  having  been  placed  in 
bed  beneath  a  mosquito  net  in  another  mosquito-proof  tent,  the  mos- 
quitoes which  had  bitten  the  dengue  case  the  night  before  were  liberated 
beneath  his  mosquito  net,  and  orders  given  that  the  man  remain  beneath 
the  net  until  tlie  mosquitoes  had  disappeared;  later  we  allowed  the  men 
to  remain  out  of  bed  during  the  day,  the  mosquitoes  being  kept  beneath 
the  spread  net.  With  one  exception,  which  has  been  noted,  all  the  men 
were  bitten  a  few  times,  but  in  most  instances  the  mosquitoes  died  before 
the  men  had  been  bitten  severely.  We  also  confined  mosquitoes  that 
had  bitten  dengue  cases  in  gla^s  jars,  and  kept  them  as  long  as  from 
four  to  six  days  before  allowing  them  to  bite,  but  in  the  few  instances  in 
which  we  tried  this  method  our  results  were  all  negative. 

We  do  not  consider  it  necessary  to  give  our  negative  results  in  fuU, 
as  they  are  all  referred  to  in  detailed  experiments,  and  we  will  only 
describe  the  case  in  which  we  produced  dengue  by  allowing  the  volunteer 
to  be  bitten  by  infected  mosquitoes. 

Experiment  No.  11, 

Case  11,  Chart  11. — B.  L.  W.,  private,  Hospital  Corps,  United  States  Army. 
This  man  had  been  on  duty  at  the  Division  Hospital  for  several  weeks,  and  as  no 
cases  of  dengue  had  occurred  in  the  hospital,  had  not  been  exposed  to  the  disease, 
so  far  as  we  could  determine.  On  September  12, 1906,  the  man  being  in  good  health, 
he  was  placed  under  a  mosquito  net  with  mosquitoes  that  had  bitten  Case  88 
(Chart  R)  on  the  night  of  September  11.  Chhc  88  was  suffering  at  the  time  from 
a  typical  attack  of  dengue.  Case  11  was  not  bitten  by  mosquitoes  until  the 
night  of  September  13,  and  developed  no  symptoms  until  the  night  of  the  17th, 
but  upon  reference  to  his  chart  it  will  be  seen  that  he  had  fever  for  nearly  twenty- 
four  hours  before  he  noticed  any  symptoms.  If  we  assume  the  period  of  incuba- 
tion to  be  the  period  intervening  between  the  13th,  the  night  upon  whidi  he  was 
first  bitten,  and  the  16th,  when  he  had  his  first  rise  in  temperature,  the  incubation 
period  would  be  about  three  days  and  one-half.  However,  if  we  assume  the 
disease  to  have  commenced  when  he  first  noticed  symptoms — that  is,  upon  the 
evening  of  the  17th — the  incubation  period  would  be  a  little  over  four  days.  The 
following  is  a  summarj'  of  his  clinical  history: 

September  12:  Put  under  net  with  mosquitoes  that  bit  Case  88  last  night. 

September  13:  Bitten  by  mosquitoes  last  night. 

September  18:  Had  headache  and  felt  uncomfortable  last  evening.  ThiB 
morning  complains  of  hoaduohe  and  a  dull  pain  in  the  articulations. 

September  19:  Still  complains  of  headache  and  general  muscular  pain  and 
soreness.     His  face  and  eyes  are  gi'eatly  congested. 

September  20:  I^ast  night  had  severe  painjn  the  head,  eyes  and  the  muades 
of  the  back,  but  feels  much  better  this  morning. 

September  21 :  Is  feeling  l)etter.  A  faint  rash  is  visible  covering  the  chest 
aind  abdomen. 

September  22 :  Complains  of  soreness  and  stiffness  in  the  muscles.  The  emp- 
tion  is  now.  plainly  visible  and  typical  of  dengue. 

September  24:  Feels  well.     Tlie  eruption  has  almost  disappeared. 

October  1 :  Returned  to  duty. 
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Rcmarkt. — 'This  cnse  was  in  every  way  typical  of  a  moderately  severe  attack  of 
dengue.  The  afniptonia  nere  tliose  Been  in  the  great  majority  of  naturally 
anjuired  infections  and  the  tpmperature  chart  is  a  very  characteristic  one.  This 
man  had  not  been  exposed  in  our  denijEiie  camp  before  being  bitten  by  the  mosqui- 
toes, and  did  not  leave  the  mosquito -proof  cnmp  until  after  the  onset  of  the  diiease. 

For  reasons  which  have  been  stated,  of  the  nine  nieii  u\|)osefI  to  the 
bites  of  infected  mosquitoes,  only  four  can  be  eonsidercd  in  estimating 
the  results  obtained.  Of  these,  one,  or  25  per  <-ent,  developed  a  typical 
attack  of  dengue  tollowinp;  the  bites  of  infected  mosquitoes ;  but  we  do  not 
consider  that  the  three  negative  casicw  are  of  nnieh  vahic,  a.s  the  conditions 
were  such  as  to  cause  some  doubt  as  to  whether  the  men  were  bitten. 

It  is  obvious  that  many  factors  have  to  be  considered  in  considering 
mosquito  experiments,  and  it  is  more  than  probable  that  in  our  negative 
experiments  we  were  unsuccessful  in  reproducing  the  favorable  conditions 
which  must  have  been  present  in  Experiment  No.  11,  or  tlie  mosquitoes, 
if  they  became  infected,  may  have  perislietl  before  biting  ajrain.  Schau- 
dinn  has  recently  called  attention  to  some  of  the  dilTicuities  wliich  may 
be  met  with  in  attempting  the  experimental  transmission  of  a  disease  by 
mosquitoes.  Thus,  as  he  lias  shown,  certain  individuals  of  a  species  which 
has  been  proven  to  transmit  a  certain  disease  are  not  able  to  transmit  it, 
and  this  may  bo  due  to  the  insect  itself  suffering  from  some  other  infec- 
tion, to  an  inability  to  digest  the  ingested  blood,  to  an  acquired  or 
natural  immunity  resulting  in  the  death  of  the  sjH'iific  parasite,  or  the 
mosquito  mav  die  before  it  has  bitten  again. 

It  is  evident  from  the  result  of  Experiment  Ko.  11  that  the  parasite 
I'ausing  dengue  does  not  undergo  any  cycle  of  development  within  the 
mosquito,  unless  it  be  a  very  short  one;  we  are,  therefori',  of  the  belief 
that  the  parasite  of  dengue  is  one  capable  of  living  in  the  stomach  of  the 
mosquito  for  an  unknown  period  of  time,  when-  it  retains  its  virulence; 
that  infection  may  m-cur  at  any  time  after  the  insect  has  ingested  blood 
containing  the  parasite,  and  that  it  is  introduced  into  man  when  the 
insect  bites,  being  regurgitated  through  the  cpsophagus  and  proboscis  with 
the  fluid  from  the  stomach.  This  theory  is  borne  out  by  the  results 
recently  obtained  by  the  Indian  Plague  Commission  in  its  remarkable 
study  of  the  transmission  of  plague  from  rat  to  rat  by  the  flea,  Pulex 
iheopis  Rothsch.,  and  by  the  excessive  rapidity  of  the  diffusion  of  dengue, 
which  would  be  impossible  were  the  parasite  one  which  underwent  a 
prolonged  cycle  of  development  in  the  tissues  of  the  mosquito.  Wo  have 
dissected  and  examincil  a  large  number  of  mosquitoes  that  had  bitten 
dengue  patients,  but  have  never  founil  any  organism  either  in  the  stomach 
or  tissues  suggestive  of  a  stage  in  the  life  cycle  of  a  protozoon.  We  can 
not  confirm  Graham's  results  in  this  respect,  and  we  believe  that  in  the 
mosquito  ae  well  as  in  the  blood  of  mtui,  the  dengue  parasite  ia  altra- 
niicroscopie  in  a 
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By  reason  of  lack  of  suitable  volunteers  and  the  subsidence  of  the 
epidemic  we  have  been  forced  to  bring  our  mosquito  experiments  to  a 
conclusion.  We  have  been  unable  to  investigate  many  interesting  ques- 
tions regarding  the  transmission  of  dengue  by  the  mosquito,  such  as  the 
length  of  time  the  insect  remains  capable  of  transferring  the  infection,  the 
most  infective  period  of  the  disease  as  regards  transmission  in  this  way, 
and  whether  transmission  is  simply  mechanical  or  depends  upon  the 
development  or  multiplication  of  the  parasite  within  the  mosquito :  all  of 
these  questions  are  of  great  importance  to  a  correct  conception  of  the 
etiolog}'  of  dengue  and  there  would  appear  to  be  no  good  reason  why,  in 
regions  where  the  disease  is  common,  they  should  not  be  thoroughly  in- 
vestigated. We  realize  that  the  work  we  have  been  able  to  do  as  regards 
mosquito  transmission  is  ver}'  incomplete  and  that  much  remains  to  be 
done  before  this  feature  of  the  etiology  of  dengue  is  fully  elucidated,  but 
we  believe  that  we  have  confirmed  Graham's  results  in  this  respect  and 
that  we  have  proven  experimentally  that  this  disease  may  be  transmitted 
by  the  mosquito  Culex  fatigatw  Wied.  We  also  believe  that  mosquito 
transmission  is  the  only  natural  method  which  has  been  proved  by  experi- 
ment and  that  all  the  epidemiological  data  confirm  such  a  method  of 
transmission. 

7.  EXPERIMENTAL  PEBIOD  OF  INCUBATION  IN  DENGUE. 

As  will  be  seen  from  a  resume  of  the  epidemiology  of  dengue,  the 
incubation  period  has  been  stated  as  varying  from  twenty-four  hours  to 
ten  days,  the  majority  of  observers  regarding  it  to  be  from  three  to  five 
days.  The  following  table  gives  the  period  of  incubation  in  nine  of  our 
experimental  cases  of  tlie  diseases : 


No.  of 
case. 


How  produce*!. 


Incubation  period. 


I 


1 
2 
3 
4 

5 

6 

9 

10 

11 


Inoculation  of  unflltered  blood 

do _ - 

do 

do _ _..- 

do _ 

do _ 


8  days  18  hours. 
2  days  19  hours. 
2  days  18  hours. 

2  days  12  hours. 
4  days  4  hours. 
7  days 

3  days  11  hours. 


Inoculation  of  filtered  blood 

do _ I  2  days  12  hours. 

By  moMiuito About  8  days  16  hours. 


Fi'om  the  above  table  it  will  be  seen  that  the  incubation  period  of 
dengue  in  experimental  cases  of  the  disease  varied  from  two  and  one-half 
days  t^  seven  days,  the  average  being  about  three  days  and  fourteen  hours. 
This  is  practically  the  period  of  incubation  stated  as  being  most  frequent 
by  clinicians.  We  have  observed  no  case  in  which  the  incubation  period 
was  as  short  as  twent}'-four  liours,  and  from  our  experiments  we  vefy 
much  doubt  the  occurrence  of  such  a  short  period  of  incubation. 
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8.   IMMUNITY  AND  SUSCEPTIBILITY. 


There  is  considerable  confusion  existing  in  regard  to  these  points,  the 
general  trend  of  opinion  Ixnng  that  almost  everybody  is  susceptible,  and 
that  an  attack  of  dengue  produc(M=;  immunity  for  a  short  time  only.  As 
to  the  latter  point — that  is,  the  duration  of  acquired  immunity — we  can 
not  express  a  very  positive  o])inion,  as  we  endeavored,  except  in  one  case, 
in  our  experiments  to  avoid  the  use  of  men  who  had  previously  had 
dengue.  In  the  one  case  noted  as  an  exception,  dengue  was  induced 
although  the  patient  said  he  had  experienced  three  attacks,  the  last  one 
two  and  a  half  years  ago.  We  have  also  known  a  few  other  cases  in  which 
the  disease  developed  naturally  after  a  like  period.  The  correctness  of 
reports  of  cases  in  which  attacks  have  occurred  a  month  apart  we  very 
much  doubt.  We  had  about  six  patients  sent  hack  to  us  after  such  pe- 
riods su])posed  to  he  suffering  from  second  attacks,  but  in  no  case  was 
it  so.     The  "second  attack^'  was  usually  a  malarial  paroxysm. 

As  to  natural  innnunitv,  we  know  that  it  occurs,  or  at  all  events  that 
it  may  be  temporarily  present.  We  think  it  altogether  probable  that 
it  may  be  relative;  that  is,  a  small  dose  of  virus  may  not  be  sufficient  to 
overcome  it,  but  a  large  one  may.  In  one  of  our  cases  (Case  8)  we  were 
unable  to  decide  positively  whether  an  immunity  which  was  present  at  the 
time  of  the  discharge  of  the  patient  was  natural  or  was  acquired  from  a 
very  light  attack  of  the  disease  following  inoculation  with  a  half  minim 
of  blood,  though  we  incline  to  the  latter  belief.  In  at  least  one  instance 
immunity  was  apparent  and  not  real ;  that  is,  the  patient  did  not  develop 
dengue  when  exposed  to  mosquitoes  that  had  recently  bitten  other  dengue 
cases,  but  this  was  due  to  the  fact  that  the  subject  wiu<  immune  to  mos- 
quito bites.  All  the  mosquitoes  put  in  his  net  died  after  periods  varying 
from  one  to  five  or  six  days,  and  not  one  of  them  bit  him.  Later,  when  he 
developed  dengue  from  the  intravenous  injection  of  blood,  mosquitoes  bit 
him  freely.  Fortunately,  this  characteristic  so  valuable  in  the  Tropics, 
was  not  permanently  lost,  for  the  patient  now  states  that  he  is  as  free 
from  mosquito  bites  as  before. 

Our  knowledge  as  to  natural  immunity  cost  us  rather  dear,  as  we  were 
paying  all  our  subjects  of  experiment,  and  did  not  relish  exhausting  the 
funds  at  our  disposal  in  payments  to  men  not  capable  of  developing  the 
disease.  In  the  light  of  subsequent  events  we  think  that  we  made  a 
mistake  in  accepting  volunteers  from  Fort  McKinley,  where  an  epidemic 
of  dengue  had  been  and  was  prevailing;  because,  while  we  did  not  begin 
experiments  upon  the  men  until  they  had  been  under  our  observation  and 
free  from  exposure  to  dengue  for  periods  varying  from  a  week  to  three 
weeks,  and  thus  avoided  the  error  of  thinking  the  disease  due  to  our  in- 
oculations when  it  was  in  reality  due  to  other  causes,  we  picked  men, 
some  of  whom  had  probably  escaped  natural  infection  because  of  their 
natural  immunity. 
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As  we  have  stated,  three  of  our  subjects  were  absolutely  immune  to 
dengue.  Our  assumption,  that  failure  to  develop  the  disease  after 
inoculation  witli  20  minims  of  blood  from  a  dengue  case  constitutes 
absolute  immunity,  is  arbitrary,  but  seems  justified  by  the  constancy  and 
severity  of  the  symptoms  produced  in  the  successful  cases. 

Three  of  the  men  possibly  showed  a  relative  immimity;  that  is,  the 
amount  of  virus  transferred  to  them  by  mosquitoes  was  not  sufficient 
to  cause  the  disease,  although  the  intravenous  injection  of  20  minims  of 
dengue  blood  was  sufficient  to  do  so.  Possibly  this  relative  immunity 
was  only  apparent,  because*  wc  know  that  these  men  were  not  severely 
bitten  by  the  mosquitooe,  and  we  do  not  know  that  the  particular  mos- 
quitoes that  did  bite  them  might  not  have  l>een  laboring  under  some 
disability  that  prevented  their  transmitting  the  disease.  It  is  note- 
worthy that  two  of  these  cases  were  vers-  mild,  and  that  the  third, 
while  an  ordinary  one,  presented  an  incubation  period  longer  than  the 
average. 

Six  cases,  and  if  we  count  the  doubtful  one  already  described,  seven, 
presented  no  immunity;  that  is,  they  developed  dengue  following  the 
first  attempt  at  inoculation.  One  case,  immune  to  mosquito  bites, 
showed  apparent  immunity,  but  developed  dengue  after  the  first  inoc- 
ulation. 

Xatural  immunity  and  the  practice  of  sleeping  imder  mosquito  nets 
effectually  protccttnl  a  large  proportion  of  healthy  men  against  infection. 
Thus,  in  the  Fort  iVIcKinley  epidemic,  the  highest  percentage  of  infec- 
tions occurring  in  any  one  company  was  58,  the  next  highest  was  52, 
and  in  the  other  companies  it  was  lower.  It  must  be  remembered  that 
in  this  ci)idemic  no  special  measures  were  adopted  to  prevent  the  spread 
of  the  disease,  and  the  mosquito  protection  consisted  merely  of  the 
ordinary  routine  use  of  nets  during  the  sleeping  hours. 

IMMUNITY    AS    SHOWN    BY    EXPERIMENTS. 


The  following  cases  whose  clinical  records  are  here  given  were  proved 
by  experiment  to  be  absolutely  immune  to  dengue.  The  temperature 
charts  an»  not  reproduced,  as  they  contain  no  data  of  interest. 

Case  ii. — \V.  11.  O.,  first-class  private,  Hoapittil  Corps,  United  States  Army. 
This  man  was  on  duty  at  the  Division  Hospital  at  the  time  of  experiments,  and 
had  never  had  dengue. 

Experiment  1 :  On  the  night  of  September  12  the  subject  slept  under  a  mos- 
quito net  with  mosquitoes  that  had  bitten  a  dengue  case  the  niglit  belore.  No 
symptoms  of  dengue  developed. 

Experiment  2:  On  the  night  of  September  28  the  subject  was  again  esposed 
to  mosquitoes  that  had  bitten  a  dengue  patient  the  night  before.  He  was  Utten 
repeatedly  during  the  next  few  nights,  but  no  symptoms  of  dengue  developed. 

Experiment  3:  On  October  3  the  subject  was  inoculated  intraveooiuijr  witk 
unfiltered   dengue   blood    from    Case   44    (Chart    E).     No   symptonui  ol 
developed,  and  the  man  was  returned  to  duty  October  11,  1906. 
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Case  13. — J.  G.,  private.  Company  I,  Sixteenth  Infantry.  This  soldier  belonged 
to  a  company  of  the  Sixteenth  Infantry  that  had  furnished  twelve  cases  to  the 
hospital  with  dengue  before  this  man  volunteered.  He  had  therefore  been 
exposed  to  the  disease. 

Experiment  1 :  On  September  12,  1006,  the  subject  rinsed  his  mouth  with 
normal  salt  solution  containing  12  minims  of  dengue  blood,  our  object  being  to 
determine  if  the  dengue  parasite  could  infect  through  an  intact  mucous  mem- 
brance.     Tlie  result  of  the  experiment  was  negative. 

Experiment  2:  On  September  19  the  subject  was  given  an  intravenous  inocula- 
tion of  filtered  blood  from  Case  11   (Chart  11).     No  symptoms  developed. 

Experiment  3 :  On  the  night  of  October  4  the  subject  was  expose<l  to  mosquitoes 
that  had  bitten  Case  44  (Chart  E)  the  night  before,  and  was  bitten  at  least  twice. 
Dengue  did  not  develop. 

Experiment  4:  On  the  night  of  October  15  he  was  bitten  many  times  by 
mosquitoes  that  had  bitten  a  dengue  case  two  nights  before.  The  result  was 
negative. 

Experiment  5:  On  October  22  the  subject  was  given  an  intravenous  inoculation 
of  20  minims  of  unfiltered  blood  from  Case  95  (Chart  S).  No  symptoms  of 
dengue  developed,  and  the  man  was  returned  to  duty  October  29,  1900. 

Case  14' — J.  B.  P.,  private,  Company  M,  Sixteenth  Infantry.  At  the  time 
of  volunteering  the  company  to  which  this  man  belonged  had  furnished  ten  men 
suffering  from  dengue  to  the  Forth  McKinley  Hospital. 

Experiment  1:  On. the  night  of  September  24,  1906,  the  subject  was  exposed 
to  mosquitoes  that  had  bitten  Case  11  (Chart  11)  the  night  before.  He  was 
bitten  several  times  and  also  many  times  during  the  next  ten  days.  The  result 
of  the  experiment  was  negative. 

Experiment  2:  Tlie  subject  was  exposed  October  26  and  27  to  mosquitoes  that 
had  bitten  a  typical  case  of  dengue  on  October  25.  The  result  of  the  experiment 
was  negative. 

Experiment  3:  On  November  17  the  subject  was  given  an  intravenous  inocula- 
tion of  unfiltered  blood  from  Case  82  (Chart  N),  who  was  suffering  from  a 
tj'pical  attack  of  dengue.  No  successful  result  was  obtained  in  this  experiment, 
and  the  nnin  was  returned  to  dutv  November  23,  1906. 

Remarks. — ^These  men  were  all  exposed  to  fomites,  in  addition  to  the  exi>eri- 
nients  outlined,  and  we  iK'lieve  that  the  results  of  these  ex|>eriment.s  denumstrate 
that  absolute  immunity  to  dengue  is  present  in  certain  individuals. 

9.    CONTAGION    IN    DENOl'E. 

We  have  already  noted  tlio  thoori(^  regardin*^  the  contagious  character 
of  dengue.  We  have  carefully  studied  this  portion  of  our  subject,  and 
believe  that  the  following  facts  conclusively  prove  that  dengue  is  not 
contagious  in  the  least  degree. 

1.  At  the  hospital  at  Fort  William  McKinley  over  (>0()  cas<'s  of  dengue 
were  treated  in  the  general  wards  without  a  single  case  originating 
among  the  other  patients  in  the  wards.  Only  four  men  belonging  to  the 
Hospital  Corps  on  duty  at  this  hospital  contracted  the  disease,  three  of 
them  being  nurses  on  night  duty  in  the  wards  and  the*  otber  a  cook 
having  no  contact  with  the  dengue  patients.  Xo  prt^cautions  were  uschI 
to  prevent  contagion  other  than  tlie  rigid  use  of  mosquito  nets  at  night, 
the  dengue  and  other  patients  eating  together,  and  being  closely  associated 
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throughout  the  day.  It  is  noteworthy  that  the  only  men  unprotected 
by  the  mosquito  nets  at  night — that  is,  the  three  night  nurses — all 
developed  the  disease. 

2.  In  our  dengue  hospital,  where  we  treated  over  120  cases^  no  in- 
stance of  infection  occurred  among  the  attendants,  although  their  associa- 
tion with  the  dengue  patients  was  very  intimate  and  continued  for  over 
four  months. 

3.  Our  experiments  with  fomites  were  all  negative.  We  endeavored 
to  produce  the  disease  by  exposure  of  healthy  men  to  fomites,  the  men 
experimented  with  living  in  mosquito-proof  tents  with  patients  suf- 
fering from  dengue,  throughout  the  entire  course  of  the  disease.  They 
slept  in  their  beds,  wore  their  underclothing  and  pajamas,  and  ate  and 
drank  from  the  same  table  furniture.  In  this  way  we  experimented  with 
eight  men,  none  of  whom  developed  the  disease  from  such  exposure. 

We  conclude,  therefore,  that  dengue  is  not  a  contagious  disease,  and 
that  patients  suffering  from  it  may  be  placed  in  the  general  wards  of  a 
hospital  without  fear  of  infection,  provided  precautions  are  taken  to 
protect  the  patients  from  mosquitoes. 

Conclusio7us  regarding  the  etiology  of  dengue. — From  our  study  of  the 
etiology  of  depgue,  we  believe  the  following  conclusions  are  justified: 

1.  No  organism,  either  bacterium  or  protozoon,  can  be  demonstrated 
in  either  fresh  or  stained  specimens  of  dengue  blood  with  the  mi- 
croscope. 

2.  The  red  blood  count  in  dengue  is  normal. 

3.  There  occur  no  characteristic  morphological  changes  in  the  red  oi 
white  blood  corpuscles  in  this  disease. 

4.  Dengue  is  characterized  by  a  well-marked  leucopenia,  the  polymor- 
phonuclear leuc(x*yte8  being  decreased,  as  a  rule,  while  there  is  a  marked 
increase  in  the  small  lymphocytes. 

0.  The  intravenous  inoculation  of  unfiltered  dengue  blood  into  healthy 
men  is  followed  by  a  typical  attack  of  the  disease. 

6.  The  intravenous  inoculation  of  filtered  dengue  blood  into  healthy 
men  is  followed  by  a  typical  attack  of  the  disease. 

T.  The  cause  of  the  disease  is,  therefore,  probably  ultramicroscopic. 

8.  Dengue  can  be  transmitted  by  the  mosquito,  Cidex  fatigans  Wied., 
and  this  is  probably  tlie  most  common  method  of  transmission. 

1).  No  organism  of  etiological  signilicanee  occurred  in  bouillon  or 
eitra ted  blood  cultures. 

10.  The  i)eriod  of  incubation  in  exj^erimental  dengue  averages  three 
(lays  and  fourteen  hours. 

11.  Certain  individuals  are  absolutely  immune  to  dengue,  as  proven 
by  our  experiments. 

12.  Dengue  is  not  a  contagious  disease,  ])ut  is  infectious  in  the  same 
manner  as  is  vellow  fever  and  malaria. 
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IV.    SYMPTOMATOLOGY. 

Tt  is  of  cardinal  importance  in  considering  the  symptoms  and  diagnosis 
of  dengue  to  bear  in  mind  the  fact  that  it  j)resents,  in  different  epidemics 
and  in  different  individuals  in  the  same  epidemic,  a  variety  of  clinical 
pictures;  and  that,  while  there  is  what  may  be  called  typical  dengue, 
there  are  many  variations  from  the  type,  and  there  is  no  one  symptom 
that  can  be  said  to  be  pathognomonic,  or  even  constant,  if  we  except 
fever.  We  do  not  state  positively  that  even  fever  is  constant,  but  we 
are  unable  to  satisfy  ourselves  that  a  given  case  is  dengue  unless  it  shows 
some  fever,  particularly  at  the  onset.  This  doubtless  accounts  for  the 
different  descriptions  of  the  disease  that  have  been  written.  We  agree 
with  Guiteras  and  Carta va  in  the  belief  that  mauv  cases  can  not  be 
properly  diagnosed  except  in  the  presence  of  an  epidemic.  We  like- 
wise agree  with  them  that  it  is  illogical  to  differentiate  subtypes  of 
the  disease  according  to  the  dominant  symptom,  so  we  shall  content 
ourselves  with  outlining  the  typical  attack,  and  commenting  on  the 
usual  symptoms.  In  doing  this  we  will  use  the  plan  of  the  writers 
mentioned,  whose  observations  and  descriptions  we  consider  accurate?, 
clear  and  well  balanced. 

Invasion. — This  is  usually  rather  sudden,  and,  exceptionally  in  our 
experience,  may  be  so  sudden  that  the  patient  has  to  sit  or  lie  down, 
being  imable  to  continue  the  employment  in  which  he  is  engaged.  One 
patient  was  a  sentry  on  post  at  the  time  he  was  attacked,  and  so  sudden 
and  severe  was  the  onset  that  he  had  to  call  for  relief.  However,  manv 
cases  have  a  gradual  onset,  and  it  was  not  uncommon  for  men  to 
report  sick  with  a  history  of  having  felt  ill  for  a  day  or  two,  or  even 
three.  The  onset  is  usuallv  manifested  bv  pain  in  the  loins,  often  also 
in  the  legs,  with  headache  and  fever.  Frequently  the  sensation  is  one  of 
extreme  weariness,  rather  than  of  pain.  Chillim^ss  is  at  times,  but  not 
usually,  complained  of.  The  a})petit<»  is  nearly  always  impaired,  and 
vomiting  or  diarrhoea  are  occasional  features. 

Catarrhal  s}Tnptoms,  such  as  coryza  or  bronchitis,  are  not  present,  unless 
as  a  complication,  and  arc  usually  due  to  preexisting  causes.  Sore  throat 
is  described  as  common  in  some  epidemics.  We  observed  it  in  very  few 
cases,  and  consider  it  rare.  The  skin  is  usually  much  injected,  especially 
over  the  head  and  neck.  Injection  of  the  conjunctiva  and  lachrymation 
are  common  signs;  photophobia  is  uncommon.  We  have  not  seen  jaun- 
dice of  either  skin  or  mucous  inemhraucs.  'V\\v  early  injivtion  of  the 
skin  is  described  by  some  authors  as  the  prinuiry  eruption.  We  agree 
with  Guiteras  and  Cartaya  in  thinking  that  this  term  should  not  be  ap- 
plied to  it.  There  is,  in  practically  all  cases,  but  one  eruption,  and  it 
appears  later,  if  at  all.  We  have  s(»en  cme  case  in  which  two  eruptions 
appeared,  but  it  was  the  rare  exception  which  only  served  to  emphasize 
the  rule. 
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In  a  few  cases  the  onset  is  so  gradual  and  its  manifestations  so  mild 
that  it  may  not  be  noticed  at  all.  Case  8  of  our  experimental  series, 
who  also  had  an  SBstivo-autumnal  malarial  infection,  is  a  case  in  point. 
The  incubation  period  in  this  case  and  the  date  of  the  eruption  indicate 
that  he  had  had  dengue  for  about  four  days,  while  a  blood  examination 
showed  that  his  chill  and  high  fever  of  Xovember  25  were  of  malarial 
origin. 

Fever. — Fever  is  in  practically  all  cases  present  from  the  beginning, 
and  in  the  majority  it  reaches  its  maximum  within  twenty-four  hours. 
This  primary  rise  may  exceptionally  be  to  40.5°  C.  (105°  F.),  or  even 
41°  C.  (106°  F.),  usually  it  reaches  to  about  39.7°  C.  (103.5°  F.). 
In  a  minority  of  cases  the  ascent  is  gradual  (see  Case  2). 

By  the  end  of  twenty-four  hours  the  temperature  has  usually  fallen 
1°  C.  (2°  F.)  or  more,  and  the  period  of  intermission  has  begun.  In 
some  cases  this  drop  in  temperature  is  delayed  until  the  beginning  of  the 
third  day,  quite  exceptionally  the  same  high  point  may  be  reached  on 
four  or  five  successive  days  (see  Case  9). 

However,  in  the  typical  case  the  temperature  has  fallen  as  stated  at 
the  end  of  twenty-four  hours.  The  fall  may  carry  it  to  normal,  or 
only  as  low  as  37.8°  C.  (100°  F.),  38.3°  C,  (101°  F.),  or  38.9°  C. 
(102°  F.).  There  it  remains,  usually  until  the  fifth  day,  when  it  again 
rises  to  almost  as  high  a  point  as  its  early  maximum.  On  the  sixth  day 
there  is  generally  a  sudden  fall,  by  crisis,  to  normal,  and  the  disease  is 
ended.  Critical  discharges  do  not,  in  our  observation,  usually  attend 
this  fall  in  temi3erature,  though  profuse  j)erspiration  may  occur. 

When  the  chart  is  "typicaF'  it  is  very  characteristic  of  the  disease, 
and  enables  one  to  pronounce  a  correct  diagnosis  at  sight.  Often  it 
is  not  typical.  The  sharp  rise  on  the  first  day  and  another  on  the  fifth 
or  sixth  day,  occur  sufficiently  often,  however,  to  make  tlie  temperature 
chart  at  least  as  characteristic  as  in  manv  other  diseases  in  which  much 
diagnostic  significance  is  attached  to  it,  as  in  typhoid  fever. 

Guiteras  Jind  Cartaya  (7)  protest  against  the  description  of  the 
disease  as  one  characterized  by  two  febrile  paroxysms,  and  contend  that 
the  fever  is  one  attack,  usually  lasting  six  days,  and  only  exceptionally 
subsides  to  normal  before  the  sixth  day.  We  agree  with  them  in  this, 
though  we  see  no  more  objection  to  speaking  of  two  paroxysms  in  this 
disease,  when  the  teni])erature  does  go  to  normal  between  them,  than  in 
speaking  of  paroxysms  in  malaria  under  similar  conditions. 

The  variations  of  this  "typical"  temi)erature  record  are  manifold, 
as  is  shown  in  very  many  charts  in  our  possession.  However,  in  the 
majority  of  instances  the  type  may  be  re(()«i:nize(l  even  through  the 
variations. 

Hyperpyrexia,  causing  dangerous  symptoms,  is  mentioned  as  a  rare 
occurrence.     We  have  not  observed  it. 


ETIOIX)GY   OF  DENGUE   FEVER.  139 

Meningeal  symptoms  may,  according  to  Guiteras  and  Cartaya^  so 
alter  the  chart  as  to  make  it  unrecognizable.  We  have  not  seen  such 
cases.  Our  most  severe  case,  and  the  one  in  which  we  observed  the 
most  marked  nervous  symptoms,  showed  an  almost  "typical"  chart  (see 
Case  10). 

Pulse. — ^The  resemblance  between  beginning  dengue  and  beginning 
yellow  fever,  and  the  dissociation  of  pulse  and  fever  in  the  latter  disease, 
give  to  the  pulse  of  dengue  an  importance  it  would  not  otherwise  merit. 
Guiteras  and  Cartaya,  who  studied  and  wrote  of  the  disease  with  its 
differential  diagnosis  from  yellow  fever  as  their  main  theme,  summarize 
their  observations  on  the  pulse  by  saying  that  "in  general  it  is  not 
slow  as  in  yellow  fever,  and  especially  not  in  the  first  days,  but  that 
dengue  shows  a  tendency  to  slow  pulse." 

We  have  seen  in  no  case  a  markedly  slow  pulse,  and  think  that  in 
general  the  pulse  follows  the  temperature  fairly  well,  although  the  ten- 
dency to  slowness  is  most  apt  to  be  manifested  by  a  relatively  small  rise 
in  pulse  rate.  Writing  with  little  experience  with  yellow  fever,  we  should 
consider  the  pulse  a  valuable  diagnostic  feature. 

Pain. — Pain  is  usually  described  as  the  earliest  symptom.  This  is  true 
in  nearly  all  cases,  so  far  as  the  patient  knows,  but  as  before  stated, 
it  is  often  preceded  for  several  hours  by  a  rising  temperature.  The  pain 
is  frequently  severe,  infrequently  excruciating  and  immediately  disabling. 
Also  in  a  few  instances  it  is  trifling  and  very  rarely  it  may  be  absent.  It 
is  in  nearly  every  case  manifested  as  headache  and  almost  as  frequently  as 
lumbar  pain.  In  a  smaller  number,  but  still  a  large  majority  of  all 
cases,  it  is  also  present  in  the  limbs,  especially  in  the  calves  of  the  legs; 
less  often,  but  still  not  rarely  there  is  [ibdominal  pain. 

The  headache  may  Ik?  frontal,  vertical,  temporal,  occipital  or  post- 
orbital.  Of  these  varieties  we  should  place  frontal  headache  as  first  in 
order  of  frequency,  post-orbital  second,  temporal  third,  and  vertical  and 
occipital  as  least  frequent.  ]\rovement  of  the  eyeballs  is  often  a  cause  of 
pain,  particularly  in  patients  complaining  of  post-orbital  pain. 

The  pains  in  the  lumbar  region,  tnmk  and  limbs  are  of  varying  severity, 
in  many  cases  giving  rise  to  most  bitter  complaint,  in  others  only  being 
mentioned  in  response  to  inquiry.  Such  inquiry  will  in  the  vast  majority 
of  instances,  practically  all,  elicit  an  account  of  pain.  This  is  described 
by  Guiteras  and  (.'artaya  as  being  localized  in  the  deep  insertions  of  the 
muscles.  This  seems  to  \w.  the  condition  at  times,  but  almost  as  fre- 
quently the  bodies  of  the  muscles  are  affected,  especially  of  those  in 
the  legs,  where  the  fleshy  calf  is  often  very  painful.  In  spite  of  the  fact 
that  the  disease  is  called  "break-bone  fever,"  we  have  seldom  had  patients 
complain  of  pains  in  the  bones. 

Joint  pains  are  not  infrequently  complained  of,  especially  in  the 
knees.  In  only  one  case  did  we  see  marked  redness  or  swelling  of  the 
joints;  in  this  one  the  wrists  were  involved. 
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Intercostal  pain  is  very  unusual  and  pain  in  the  abdominal  muscles 
is  even  less  so;  Guiteras  and  Cartaya  likened  the  latter  to  the  sensation 
produced  by  pressing  a  large  iron  on  the  abdomen.  This  description  we 
liave  elicited  a  few  times. 

Skin  eruption, — As  previously  stated,  the  face  is  usually  deeply  flushed 
and  the  eyes  injected  and  watery  at  the  onset  of  the  disease.  This 
appearance  we  liave  found  very  characteristic,  and,  in  the  circumstances 
under  which  we  liave  worked,  an  almost  pathognomonic  sign.  A  similar 
appearance  may  be  produced  by  so  many  beginning  diseases  that  we 
would  not  give  it  any  such  weight  where  there  was  danger  of  confusing  it 
with  such  diseases. 

The  redness  mav  extend  over  the  entire  surface,  but  it  is  usuallv 
more  marked  on  exposed  parts,  such  as  the  face,  neck,  and  hands.  It  is 
not  a  true  eruption,  but  a  general  capillary  dilatation  and  in  appearance 
it  resembles  a  mild  sunburn,  or  the  dilatation  caused  by  a  hot  bath,  rather 
tlian  a  scarlatinal  rash.  It  may  last  for  any  length  of  time,  from  five  or 
six  hours  to  two  or  three  davs.     It  is  not  constantlv  observed  and  we  have 
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seen  a  few  cases  in  which  pallor  was  present  instead. 

We  have  in  no  case  seen  jaundice,  neither  did  Guiteras  and  Cartaya, 
who,  of  course,  kept  it  constantly  in  mind.  These  writers  state  that  the 
skin  is  generally  hypera?athetic.  We  have  not  noticed  such  a  condition 
and  have  had  no  complaints  of  it,  so  tliat  we  assume  that  it  may  vary  in 
different  epidemics. 

The  true  rash  uridoubt^nlly  varies  greatly  in  the  frequency  of  its 
occurrence,  as  well  as  in  its  duration  and  localization.  We  agree  with 
Guiteras  and  Cartaya  in  regarding  it  as  possibly  present  in  all  cases, 
though  not  noticed  in  all  because  it  frequently  is  faint  in  appearance  and 
of  ephemeral  duration.  While  we  have  not  kept  careful  notes  of  all  the 
patients  we  have  examined,  we  think  that  we  have  seen  the  rash  in  about 
To  per  cent  of  our  cases. 

It  most  commonly  appears  about  the  fourth  day,  not  infrequently  with 
the  terminal  rise.  At  times  we  have  seen  it  upon  the  third  day,  and 
at  least  twice  in  our  experimental  cases  upon  the  second.  As  we  received 
a  majority  of  our  cases,  excepting  those  produced  by  inoculation,  on  the 
second,  third,  or  fourth  day,  and  as  quite  a  number  had  the  eruption 
when  we  first  saw  them,  wo  could  not  determine  accurately  just  when 
it  did  appear  in  some  instances.  We  feel  well  satisfied,  however,  that  the 
fourth  or  fifth  day  usually  nuirks  its  first  appearance. 

The  localization  of  the  eruption  varies.  It  occurs  with  greatest 
frequency,  in  our  experience,  on  the  trunk,  either  the  anterior  or  posterior 
surface,  or  both,  being  involved.  With  this  it  may  also  appear  on  the 
wrists,  ankles,  neck,  thighs,  palms,  or  generalized  over  the  entire  body, 
the  occurrence  in  the  different  locations  being  about  in  the  order  lumied. 
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The  appearance  of  the  rash  also  varies.  The  most  common  eruption 
more  nearly  resembles  that  of  measles  than  any  other  well-known  eruption, 
but  it  is  not  so  dark  in  color,  neither  are  the  macules  usually  so  coarse  nor 
aggregated  into  such  large  patches.  Another  type  resembles  scarlatina, 
consisting  of  close  set  or  coalescent,  bright,  red  points,  while  between 
these  two  are  intermediate  types.  Yery  rarely  is  the  rash  so  vivid  and 
plain  as  in  scarlatina,  measles  or  rubella.  The  measles-like  eruption  may 
be,  at  times,  appreciable  to  the  touch. 

In  some  of  the  scarlatiniform  eruptions  the  injection  may  be  so  intense 
as  to  produce  capillary  rupture  and  minute  extravasations,  which  show 
on  the  bright-red  background  as  small,  purple  dots.  An  eruption  of  this 
character  is  longer  in  fading  than  the  others.  These  small  extravasations 
are  more  commonly  seen  on  the  back  and  buttocks  than  elsewhere, 
possibly  because  of  the  greater  heat  and  pressure  to  which  these  parts 
are  subjected.  In  one  patient  (Case  10)  these  small  extravasations  ap- 
parently suppurated ;  at  all  events,  an  abundant  crop  of  miliary  pustules, 
1  to  3*  millimeters  in  diameter,  appeared  over  the  buttocks,  where  the  extra- 
vasations were  abundant.  The  j)ustuk»s  were  not  painful  and  gave 
rise  to  no  symptoms. 

Occasionally,  the  eruption  leaves  small  areas  of  skin,  from  1  to  2  centi- 
meters in  diameter,  uninvolved,  which  then  present  somewhat  the  ap- 
pearance of  wheals  on  a  blushing  surface.  We  have  not  seen  an  urticarial 
eruption. 

The  duration  of  the  rash  usually  varies  with  its  intensity,  the  well- 
marked  eruptions  lasting  longer  than  the  others,  and,  as  stated,  the  scar- 
latiniform rash  with  extravasations  the  longest.  In  one  such  case  (Case 
2)  the  eruption  lasted  eight  days.  We  have  seen  no  other  in  which  it 
lasted  so  long,  though  we  have  observed  others  in  which  it  was  visible  for 
a  week.  In  most  cases  it  lasts  about  two  days ;  that  is,  it  appears  on  the 
fourth  day,  or  the  fifth  and  disappears  by  the  time  the  temperature  falls, 
on  the  sixth  day.  In  many  cases  it  lasts  only  one  day,  or  possibly  less, 
being  well  marked  one  morning  and  al)sent  the  next.  In  about  one-fourth 
of  our  cases  it  was  never  scm^'u  at  all,  and  possibly  did  not  occur. 

The  disappearance  of  the  rash  in  a  minority  of  cases  is  followed  by 
a  fine  desquamation  which  will  not  be  noticed  imless  watched  for  closely. 

In  a  very  small  minority  the  desquamation  is  easily  observed  as  fine, 
bran-like,  but  abundant,  sc*ak»s.  in  one  patient  whom  we  saw  but  did 
not  have  under  our  care,  the  skin  of  the  hands,  arms  and  feet  came  off  in 
large  strips,  many  of  them  an  inch  scjuare. 

Alimentary  aystem. — The  tongue  in  nearly  all  cases  presents  a  charac- 
teriatic  appearance.  At  first  it  is  covered  by  a  light,  creamlike  coat  which 
rapidly  thickens  and  darkens  in  the  middle,  disappearing  from  the  edges; 
during  the  rest  of  the  attack  the  tongue  usually  presents  a  heavy,  yellowish 
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central  coat,  with  a  rod  tip  and  edges.  It  remains  moist  throughout  and 
shows  no  tendency  to  fissure.  The  breath  is  heavy  and  at  times  foul, 
especially  in  cases  showing  constipation. 

The  appetite  is  practically  always  impaired  or  absent  for  the  first  few 
days.  By  the  third  or  fourth  day  most  of  our  patients  were  very  hungry 
and  asked  for  full  diet,  which  all  but  two  or  three  of  them  relished. 

Nausea  and  vomiting  occurred  in  a  few  cases,  as  did  diarrhoea.  This 
last  was  profuse  and  watery,  but  we  never  saw  either  mucus  or  blood  in 
the  stools,  though  both  are  said  to  occur  at  times.  The  vomiting  and 
diarrhoea  which  we  observed  alwavs  occurred  at  the  onset  of  the  disease, 
and  not  as  manifestations  of  the  crisis. 

As  a  rule,  slight  constipation  is  present,  necessitating  the  administra- 
tion of  laxatives.  As  our  patients  were  all  soldiers  leading  active  lives 
and  taking  much  exercise,  it  is  not  improbable  that  the  inaction  of 
hospital  confinement  had  as  much  influence  as  the  disease  in  producing 
the  constipation. 

Nervous  symploms. — TJie  most  constant  of  these,  the  pains,  have 
alreadv  been  discussed.  In  three  eases  we  have  had  delirium,  that  in  one 
was  very  mild,  in  another  slightly  more  marked,  and  in  the  third  at- 
tended with  marked  hysterical  symptoms  and  hallucinations.  In  all 
three  cases  the  delirium  was  observed  only  at  night,  and  in  two  it  occurred 
as  the  patient  was  falling  to  sleep  and  may  have  been  merely  the  manifes- 
tation of  troubled  dreams.  The  other  case,  C.^ase  10,  was  as  severe  a  one 
as  we  saw,  but  even  in  it  the  symptoms  })ointed  rather  to  hysteria  than 
to  meningitis,  and  we  afterwards  learned  that  the  patient  had  for  several 
years,  been  subject  to  nervous  attacks,  beginning  when  he  was  a  small 
boy  and  continuing  imtil  about  two  years  ago.  He  also  had  an  attack, 
similar  to  the  one  he  slioweil  during  his  fever,  a  short  time  after 
his  return  to  dut}'.  In  this  attack  he  got  out  of  bed,  ran  about  the 
room,  shouted,  wept  and  talked  to  his  mother,  who  was  of  course  not 
present.  He  was  quieted,  and  the  next  day  was  impressed  with  the  folly 
of  his  conduct  and  the  necessity  for  maintaining  self-control.  Since  that 
time,  now  nearly  three  months,  he  has  had  no  trouble,  and  has  performed 
his  full  duty. 

We  have  not  seen  the  "meningeal  type''  of  the  disease  as  it  has  been 
described  by  others,  nor  have  we  heard  of  any  such  cases  occurring 
during  this  epidemic.  We  have  not  seen  peripheral  neuritis,  unless  some 
of  the  pains  were  due  to  such  lesions,  in  which  case  the  neuritis  did 
not  outlast  the  other  symptoms  and  must  liave  been  trifling. 

Insomnia  was  frequently  observed  while  the  fever  was  high  and  the 
pain  severe.  It  was  so  evidently  dependent  on  these  causes  and  dis- 
appeared so  soon  that  it  did  not  require  treatment. 

Disturbances  of  the  circulatory  apparatus  should  probably  be  considered 
here.     A  considerable  minority  of  patients  complained  of  pain  or  dis- 
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comfort  in  the  praecordium  or  of  a  sense  of  suffocation,  and  one  man 
had  an  attack  of  syncope  while  eating.  In  none  of  these  cases  were  we 
able  to  discover  any  sign  of  heart,  lung,  or  pericardial  lesion.  Not  even, 
the  cardiac  rhythm  was  disturbed  during  any  of  our  examinations. 

However,  the  frequency  of  complaint,  and  the  fact  that  one  man 
actually  fainted,  show  that  the  circulation  is  often  disturbed  in  this 
disease,  and  this  disturbance  'prompts  us  to  join  with  other  writers  in 
pointing  out  the  necessity  for  guarding  against  accidents  from  such  a 
cause. 

Hcemorrhages, — Several  writers  speak  of  the  tendency  to  haemorrhages.- 
and  Guiteras  and  Cartaya,  wliose  cases  were  many  of  them  sent  to  the 
hospital  as  yellow  fever  suspects,  noted  it  in  almost  a  fifth  of  the  cases 
they  studied.  We  did  not  observe  luemorrhages  in  any  instance,  if  we 
except  the  small  capillary  ruptures  described  as  an  occasional  feature  of 
the  eruption. 

The  possibility  of  the  occurrence  of  haemorrhages  from  other  parts 
should  be  kept  in  mind,  especially  in  yellow  fever  countries,  for  though 
Guiteras  and  Cartaya  observed  none  from  the  stomach  or  bowels,  other 
writers  say  they  may  occur. 

Lymphatic  glands. — It  is  stated  by  some  observers  that  the  lymphatic 
glands  show  an  enlargement  during  this  disease.  This  observation  we 
can  not  confirm,  as  we  saw  no  lymphatic  enlargements  except  in  cases 
which  had  shown  them  prior  to  the  onset  of  dengue,  or  who  developed 
inguinal  adenitis  from  coexisting  venereal  disease. 

Blood. — The  results  of  the  examination  of  the  blood  have  already  been 
considered. 

Urine. — Guiteras  and  Cartaya  state  that  albumen  may  often  be  found 
in  the  urine  if  very  delicate  tests  are  used,  they  detecting  it  in  41  per  cent 
of  their  cases.  We  have  never  seen  any  symptoms  referable  to  the  urinary 
system  except  in  a  few  men  who  had  a  coexisting  gonorrhcea,  and  we 
therefore  did  not  have  the  urine  examined  in  many  instances.  We  had 
eight  urines  examined,  and  they  were  all  normal  but  one.  However,  our 
experience  indicates  that  in  some  epidemics  the  condition  of  the  urine 
gives  more  valuable  information  for  a  differential  diagnosis  between 
dengue  and  yellow  fever  than  Guiteras  and  Cartaya  thought. 

Convalescence. — Many  writers  state  that  convalescence  is  often  pro- 
longed and  tedious,  and  apt  to  be  protracted  by  such  complications  as 
boils,  joint  affections,  muscular  pains,  or  weakness  in  the  knees.  In  all  of 
our  cases  convalescence  has  been  prompt,  practically  all  patients  expressing 
a  desire  to  return  to  duty  as  soon  as  the  temperature  fell. 

Mortaiity. — All  observers  agree  in  saying  that  the  mortality  in  dengue 
is  so  low  as  to  be  almost  nothing.  During  the  Australian  epidemic 
94  deaths  occurred  from  the  disease  in  Brisbane.  The  Robertson  com- 
mittee estimated  that  this  represented  about  one  death  in  1,000  cases; 
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the  mortality  was  relatively  greater  in  females  than  in  males^  and  was 
highest  at  the  extremes  of  life ;  patients  under  5  years  of  age  contributing 
37.6  per  cent  of  all  deaths,  those  over  60  years  35.5  J)er  cent. 

We  have  seen  no  deaths,  and  have  heard  of  none  during  the  epidemic 
we  have  studied.  The  disease  does  its  harm  from  a  military  standpoint 
by  disabling  such  large  numbers  of  men  at  one  time.  When  600  men  out 
of  1,000  or  1,200  are  disabled  for  a  period  of  at  least  a  week  each,  the 
work  of  the  comniaiul  must,  of  course,  suffer. 

v.   DIAGNOSIS. 

As  indicated  in  the  consideration  of  the  symptoms,  the  diagnosis  of 
dengue  will  often  not  be  made  except  in  the  presence  of  an  epidmic,  in 
which  case  the  tendency  would  probably  be  to  call  any  painful  affection 
of  sudden  onset  "dengue." 

The  fairly  characteristic  temperature  chart,  the  sudden  onset,  severe 
pain,  flushed  face,  the  coated  tongue,  the  eruption,  and  the  leucopenia  and 
lymphocytosis,  unite  to  make  the  ordinar}^  case  easy  of  diagnosis,  especially 
in  the  presence  of  an  epidemic. 

Care  is  required,  under  various  conditions,  in  differentiating  dengue 
from  yellow  fever,  malaria,  influenza,  scarlet  fever,  measles,  syphilis, 
tonsilitis,  rheumatism,  smallpox,  and  meningitis. 

Yellow  fever. — The  differential  diagnosis  between  yellow  fever  and 
dengue  is  probably  the  most  important  we  liave  to  consider,  as  the  two 
diseases  occur  side  by  side  in  America,  and  mistaken  diagnosis  might  lead 
to  the  gravest  consequences,  as  a  supposed  dengue  case  is  not  apt  to  be 
so  carefully  guarded  from  mosquitoes  as  is  a  known  one  of  yellow  fever. 

Guiteras  and  Cartaya,  experienced  in  both  diseases,  say  that  the  most 
valuable  differential  signs  are  the  slower  pulse,  the  jaundice  and  the 
haematemesis  in  yellow  fever.  None  of  these  are  apt  to  occur  in  dengue. 
Add  to  this  the  greater  liability  to  albuminuria  in  yellow  fever,  fhe 
character  of  the  prevailing  epidemic,  the  mortality,  the  absence  of  the 
eruption  and  probably  the  blood  examination,  which  in  yellow  fever  does 
not  show  the  characteristic  leucopenia  and  lymphocytosis  of  dengue,  and 
in  the  great  majority  of  cases  the  diagnosis  will  be  clear.  Nevertheless, 
it  would  be  the  part  of  wisdom  in  all  doubtful  cases  to  act  as  though  the 
disease  were  vellow  fever. 

Malaria. — The  history  and  the  microscope  will  usually  make  an  early 
differentiation  possible.  In  case  they  do  not  do  so,  quinine  will  do  little 
harm. 

Influenza. — The  geographical  and  seasonal  distribution  of  the  two  dis- 
eases do  not  correspond.  Dengue  occurs  only  with  the  mosquitoes^  in- 
fluenza where  mosquitoes  are  absent  and  oftenest  in  cold  weather.  In- 
fluenza is  usually  accompanied  by  catarrhal  symptoms,  dengue  raidy  80^ 
and  then  only  accidentally.     Dengue  usually  shows  an  eruption  of  a 
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scarlatinal  or  rubeoloid  type,  influenza  does  not.     Lcucopcnia  and  lym- 
phocytosis point  more  strongly  to  dengue. 

Scarlatina, — ^The  occurrence  or  nature  of  the  epidemic,  the  seasonal 
occurrence,  the  almost  entire  absence  of  sore  throat  and  cervical  glandular 
swelling,  the  age  of  the  patient,  the  less  marked  toxic  symptoms,  the 
temperature  chart,  the  leucocyte  count  and  the  usually  slight  desquama- 
tion, will  in  nearly  all  instances  set  dengue  apart  from  scarlatina. 

Measles,— ^hii  more  sudden  onset  of  dengue,  the  greater  pain,  the 
absence  of  coryza,  the  appearance  of  the  temperature  chart,  the  epidemic 
and  its  season,  usually  makes  this  differentiation  easy. 

Syphilis. — Confusion  with  s}T)hili8  will  occur  but  rarely,  and  only 
in  individual  cases.  In  such  cases  the  history,  the  chart,  the  usually 
less  violent  onset  of  symptoms,  the  examination  for  chancre,  mucous 
patches,  etc.,  will  practically  always  enable  one  to  make  a  diagnosis. 

Tonsilitis, — The  onset  of  acute,  follicular  tonsi litis  is  at  times,  in  its 
suddenness,  its  painfulness  and  fever,  much  like  that  of  dengue.  The 
examination  of  the  throat  is  usually  sufficient  for  the  making  of  a  correct 
diagnosis. 

Rheumatic  fever. — Acute  articular  rheumatism  is  at  times,  but  un- 
usually, simulated  by  dengue.  In  the  latter  disease  the  joint  involve- 
ment, when  present,  is  less  marked  and  more  ephemeral,  while  the  other 
dengue  symptoms,  especially  the  eruption,  make  the  diagnosis  clear. 

Smallpox. — The  sudden  onset,  the  flushed  fac(%  the  violent  pain  in  the 
head  and  back,  the  high  temperature,  make  the  early  stages  of  smallpox 
resemble  those  of  dengue,  and  it  is  probable  that  small|)ox  developing 
during  dengue  epidemics  will  often  be  mistaken  for  it.  The  history  of 
exp)osure  to  smallpox,  the  absence  or  great  age  of  vaccination  scars,  would 
|)oint  to  that  disease,  while  the  evolution  of  the  pocks  would  soon  put  the 
case  bevond  the  realm  of  doubt. 

Meningitis. — Some  of  the  castas  of  the  "'meningeal"  type  of  dengue,  as 
^lescribed  by  other  writers,  can  j)robably  only  Im*  differentiated  from 
epidemic  cerebro-spinal  meningitis  by  the  presenot*  of  the  dengue  epidemic 
um\  the  result  of  the  hadrriological  examinations  of  the  fluid  obtained  by 
ftpinal  puncture. 

Vr.    TREATMENT. 

Prophylaxis. — We  l)elieve  that  our  observations  and  the  total  failure 
of  all  our  attempts  to  transmit  the  disease  by  fomites  or  contact  indicate 
the  character  of  the  prophylactic  niea^sures.  Protection  from  mosquitot^s 
is  probably  all  that  is  nect^sary,  but  there  is  the  posibility  that  other 
transmission  of  infected  blood  may  rarely  occur,  as  for  example  through 
other  insects,  infected  hyjwdermic  needles,  and  in  a  few  other  possible  but 
improbable  ways.  We  believe  that  in  the  case  of  the  militarj'  serviixj  the 
Hcreening  of  barracks  would  prevent  such  epidemics  as  the  one  which  oc- 
curred at  Fort  William  McKinley,  and  it  would  appear  that  ecH)nomy 
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would  be  subserved  by  the  screening  of  all  barracks  and  quarters  in  coun- 
tries where  malaria  and  dengue  are  prevalent. 

Medicinal. — Our  cases  did  not  receive  treatment  except  in  a  few  in- 
stances and  for  special  symptoms,  as  we  wished  to  obtain  a  picture  of  the 
unaltered  disease.  To  judge  from  our  observations  on  these  untreated 
cases  we  think  that  other  than  symptomatic  treatment,  to  promote  the 
patient's  comfort,  is  not  called  for. 

Cold  bathing,  sponging,  and  the  use  of  ice-caps  are  advisable  to  keep 
the  temperature  within  boimds;  for  the  pain  and  nervous  s3rmptoms, 
opium  and  bromides  would  probably  be  safer  routine  measures  than  the 
use  of  the  coal-tar  products;  because,  first,  in  this  disease  they  are  more 
effective,  and,  second,  they  would  be  less  apt  to  harm  an  already  disturbed 
heart. 

VII.    CONCLUSION. 

In  concluding  our  report  we  desire  to  express  our  appreciation  of  the 
encouragement  and  aid  rendered  us  by  Maj.  Gen.  Leonard  Wood,  com- 
manding the  Philippines  Division,  without  which  it  would  have  been 
impossible  for  us  to  have  made  these  researches.  We  also  desire  to 
thank  Dr.  R.  P.  Strong,  the  Director  of  the  Biological  Laboratory  of 
the  Bureau  of  Science,  for  the  use  of  apparatus,  and  Mr.  Charles  S. 
Banks,  Entomologist  of  the  Biological  Laboratory,  Bureau  of  Science, 
who  rendered  us  assistance  in  the  identification  of  mosquitoes. 
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EXPLANATION  OF  MAP. 


The  map  is  intended  to  illustrate  the  spread  of  the  epidemic  of  dengiie  through 
the  post  of  Fort  William  ^fbKinley,  Kizal  Province,  P.  I. 

The  letters  placed  opposite  the  barracks  indicate  the  company  occupying  them, 
and  the  figures  accompanying  the  letters  indicate  the  order  in  which  the  barracks 
were  infected.  It  will  be  observed  that  barracks  widely  separated  became  infected 
before  others  in  apposition,  and  that  the  last  barracks  to  become  infected'  were 
those  of  the  Eighth  Cavalry. 

The  red  line  indicates  the  course  of  a  small  stream  of  water  which  is  an  ideal 
breeding  place  for  mosquitoes. 
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REVIEWS. 


A  Text-Book  of  Pathology.  By  Alfred  Stengel.  M.  D.  With  399  illustrations 
in  the  text,  many  of  them  in  colors,  and  7  full -page  ehromolithographic  plates. 
Fifth  edition,  thoroughly  revised.  Cloth.  Pp.  971K  Price,  $5.00  net;  half 
morocco.  $6.00  net.  Philadelphia  and  I^nchm:  \V.  B.  Saunders  Company, 
1906. 

It  is  obvious  that  a  work  upon  pathology  wliich  lias  reached  a  fifth 
e<lition  in  a  period  of  eight  years  must  be  possessed  of  more  than  ordinary 
merit,  and  have  answered  the  needs  of  those  who  have  consulted  it. 
Written  from  the  standpoint  of  the  clinical  pathologist,  the  subjects,  in 
the  work  under  review  are  pn^ented  in  such  a  manner  as  to  be  of  the 
greatest  service  to  the  practitioner  and  student  of  medicine,  and  taken  as 
a  whole,  the  work  is  one  of  the  most  valuable  treatises  upon  pathology 
c(mtributed  by  an  American  author.  This  edition  is  well  up  to  date 
and  much  recent  work  has  Ikm'u  incorporated  or  summarized;  however, 
we  greatly  miss  references  to  the  literature  of  the  various  subjects 
discussed,  (^specially  in  that  ])ortioii  of  the  work  devoted  to  the  animal 
and  vegetable  parasites,  where  a  few  well-chosen  references  would  have 
})roven  of  great  value  to  the  student. 

The  first  six  chapters  of  the  work  arc*  devoted  to  general  pathology, 
and  are  most  excellent,  especially  the  chapter  upon  progressive  tissue 
changes,  in  which  is  given  a  beautifully  illustrated  and  concise  description 
of  the  histo-pathology  of  tumors. 

Chapters  T  and  8  are  devoted  to  the  bacteria  and  the  diseases  due  to 

them  and  to  the  animal  j)arasites.     In  the  reviewer's  opinion  the  inclusion 

in  a  text-book  of  pathology  of  anything  like  an  adecpiate  consideration  of 

the  vegetable  and  animal  parasites  infecting  man  is  impossible  and  might 

better  be  altogether  omitted,  but,  unfortunately,  it  has  become  a  custom 

to  attempt  to  do  so,  and  the  chaj)t(M's  referred  to  are  very  satisfactory  and 

the  subjectii  are  presented  in  an  attractive  manner:  the  author  has  accepted 

the  classification  of  amcebu'  as  destined  by  Schaudinn,  and  includes  the 

^p\roch(rt(¥  under  the  bacteria.     As  regards  the  position  of  the  Spiro- 

('ha'ta\  it  would  have  been  better  to  have  regarded  their  biological  i)osition 

as  uncertain,  espcnially  as  the  recent   work  of  Hreinl  appears  to  have 

(lisprovcn  that  of  the  adherents  of  the  bacterial  tln'ory  and  again  swung 

the  [)endulum  toward  the   Protozoa.     The   illustraticms   in  this  section 

of  the  work  are  as  a  rule  good,  but  many  of  them  are  repnxluctions  of 
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old  and  imperfect  woodcuts;  the  photomicrograph  given  of  Treponema 
pallidum  could  much  better  have  been  used  to  represent  "refringens"  for 
it  is  not  at  all  typical  of  ''pallidum/' 

The  remainder  of  the  work  is  devoted  to  special  pathology,  is  well 
illustrated,  and  presents  the  subject  in  an  interesting  and  instructive 
manner;  owing,  undoubtedly,  to  lack  of  space,  many  important  subjects 
are  merely  mentioned,  or  the  descriptions  are  so  brief  as  to  be  of  little 
practical  value.  The  pathology  of  the  diseases  of  the  Tropics  has 
suffered  more  in  this  way  than  any  other  branch  of  meilicine,  as  an 
instance  of  which  may  be  mentioned  the  description  of  the  pathology  of 
dysentery;  no  distinction  is  mii 'e  between,  the  pathology  of  specific  or 
bacillary  dysenter}'  and  the  amaibic  variety,  and  the  Shiga  bacillus  is 
not  even  mentioned  by  name,  but  referred  to  as  "a  bacillus  resembling 
the  typhoid  bacillus/'  It  is  unfortunate  that  so  excellent  a  work  as  the 
one  before  us  should  be  marred  by  so  unsatisfactory'  a  description  of  the 
pathology  of  this  important  group  of  infections. 

The  book  is  carefully  indexed  and  is  well  printed  and  bound. 

C.  P.  C. 


The  Elements  of  the  Science  of  Nutrition.  By  Graham  Lusk,  Ph.  D.,  M.  A.. 
F.  R.  S.  (Edin.)  Illustrated.  Cloth.  Pp.  326.  Price  $2.50  net.  Philadel- 
phia and  London:   W.  B.  Saunders  Company,  1006. 

Professor  Lusk  has  given  a  very  clear  and  comprehensive  review  of  the 
known  facts  about  the  very  complex  subject  of  nutrition,  including  the 
results  of  his  own  careful  work.  The  book  deals  largely  with  the  scientific 
side  of  the  subject  and  contains  little  of  the  practical  details  usually 
prominent  in  books  upon  this  subject.  It  is  to  be  hoped  that  the  study 
of  such  books  as  this  one  together  with  the  works  of  Pawlaw,  Atwater, 
Chittenden  and  others  wlio  are  doing  so  much  toward  elucidating  the 
])roblems  of  nutrition  will  lead  to  the  more  general  practice  of  this 
subject  upon  a  scientific  basis. 

W.  E.  M. 
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STUDIES  IN  PLAGUE  IMMUNITY.' 


By  RicnAKi)  P.  Stbono. 
{Front  the  Biological  Laboratory,  Bureau  of  Science.) 


CONTKNTS. 
I.    IXTKODUCTION. 

II.  Discussion  of  tiik  1'rophylactics  Pkkvioisly  Employed. 

1.  Methodrt  of  preparation. 
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1.  INTKODUCTION. 

The  experimental  work  wliicli  constitutes  the  basis  of  this  report  was 
undertaken  w^th  the  object  of  throwing  further  liglit  upon  certain  prac- 
tical prol)leni8  in  relation  to  pest  innnunity,  and  particularly  with  the 
idea  of  determining  the  most  efficacious  method  of  protective  inoculation 
against  plague.  The  sul)ject  of  immunization  against  pest  is  not  only 
of  general  scii^ntific  interest,  but  at  least  to  several  tropical  and  sub- 
tropical countries  is  of  great  j)ractical  importance.  One  need  only  recall 
the  mortality  in  India  of  nearly  a  million  deaths  from  this  disease  during 
the  past  year  (1905)  to  be  impressed  with  the  importance  of  the  problem, 
and  while  it  is  true  that  at  present  no  epidemic  of  plague  exists  in  the 
Philippine  Islands,  yet  sporadic  cases  occur  from  time  to  time  and  it 
must  be  recalled  that  only  a  few  years  ago  (1903)  it  was  thought  by 
the  Board  of  Health  advisable  and  necessary  to  perform  among  the 
Chinese  of  the  city  of  ^lanila  general  inoculations  against  this  disease. 

It  is  true  that  the  subject  of  j)rotective  inoculation  against  plague  has 
received  considerable  attention  during  the  past  few  years  and  that  prophy- 
lactics have  been  recommended  by  several  authors,  but,  while  it  is 
admitted  that  by  their  use  a  certain  degree  of  pest  immunity  can  be 
produced  and  demonstrated  in  a  number  of  the  more  insusceptible  animals 
and,  occasionally,  even  in  those  very  susceptible  to  this  infection,  never- 
theless, it  has  sometimes  seemed  questi<mable  whether  we  were  able,  by 
the  inocultion  of  these  prophylactics,  to  obtain  in  man  an  immunity  of 
such  a  degree  as  to  be  protective  against  the  natural  and  usual  methods 
of  infection  bv  the  maladv.  '^riius.  KoUe  called  attention  to  the  fact 
that  since,  by  the  use  of  even  very  large  doses  of  the?  killed  pest  organisms 
only  exceptionaly  were  we  able  to  immunize  against  i)est  infection  the 
animal  which  is  most  sus('ej)tible  to  [>lague,  namely,  the  guinea  pig,  it 
set»med  verv  doubtful  if  favorable  results  could  be  obtained  in  man,  where 
n^latively  much  smaller  doses  of  the  killed  cultures  were  injecti^d.  Yet, 
from  1898,  when  protective  inoculation  was  first  introduced,  up  to  the  time 
of  my  first  report  on  vaccination  against  plague  in  \ovemb(»r,  1905,  no 
other  methods  except  those  in  which  the  killed  cultures  were  emj)loyed 
had  been  used  in  the  very  extensive  human  inoculations  performed  against 
this  disease  in  India  and  in  other  countries. 

In  the  latter  part  of  the  year  1903,  when  th(»  Hoard  of  Health  of 
Manila  was  practicing  among  the  Chinese  in  this  city  protective  inocula- 
tion against  plague  by  tlu?  injection  of  the  kilknl  cultures  of  the  pest 

bacillus,  the  method  at  that  time  carried  on  in  Japan  and  consisting  of 
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the  injection  of  1  oese  of  a  24-liour  slant  agar  culture  of  Bacillus  pesiis 
suspended  and  killed  in  1  cubic  centimeter  of  0.085  saline  solution,  I 
decided  to  investigate  whether  any  immune  substances  became  developed 
in  the  serum  of  the  inoculated  individuals.  It  did  not  seem  possible 
to  me  that  any  appreciable  degree  of  immunity  could  be  acquired  from 
these  inoculations,  owing  to  the  small  size  of  the  dose  and  the  very  mild 
local  and  general  reaction  which  resulted  from  the  injections.  I  therefore 
studied  the  agglutinative  and  bactericidal  reactions  of  the  blood  serum  of 
12  cases,  6  of  whom  had  been  inoculated  two  weeks  and  6  three  weeks 
previously  with  1  oese  of  the  killed  pest  culture.  The  agglutinative 
reactions  were  perfonned  by  the  macroscopic  method  and  the  bactericidal 
reactions  according  to  the  one  suggested  by  Neisser  and  Wechsberg.  No 
traces  of  agglutinins  or  of  bacteriolysins  could  be  demonstrated  in  the 
sera  of  any  of  the  individuals.^  Obviously,  these  experiments  in  them- 
selves were  not  considered  to  be  conclusive  evidence  of  the  fact  that  no  im- 
munity was  conferred  upon  the  inoculated,  since  it  was  already  recognized 
at  this  time  that  these  antibodies  were  freciuently  and  indeed,  usually, 
not  encountered  even  in  the  blood  sera  of  individuals  who  had  recovered 
from  an  attack  of  plague  and  were  immune  to  this  disease.'  Therefore, 
experiments  in  animals  were  resorted  to  in  order  that  more  information 
on  this  subject  might  be  obtained.  Ten  guinea  pigs  were  inoculated 
subcutaneously,  each  with  the  same  dose  that  was  being  employed  in 
the  general  human  inoculations  in  this  city.  After  two  weeks  the  im- 
munity of  these  animals  was  tested  in  the  following  manner.  One  oese 
of  a  virulent  pest  organism  was  suspended  in  1  cubic  centimeter  of  0.085 
saline  solution  and  5  ocsen  of  this  suspension  rubbed  over  a  freshly  shaved 
area  on  the  abdomen  of  the  guinea  pig.  All  of  the  animals  succumbed  to 
acute  pest  infection,  deiiiohst rating  conclusively  that  an  immunity  of 
aj)preciable  degree  had  not  bc*en  produced.  A  short  time  after,  the 
important  paper  of  Kolle  and  Otto*  was  published  in  which  the  unfa- 
vorable results  from  the  inmninization  of  guinea  pigs  with  large  doses 
of  killed  agar  cultures  of  the  pest  bacillus  or  with  Haffkine's  prophylactic 
were  reported.  It  therefore  seemed  to  me,  at  that  time,  more  advisable 
to  experiment  further  with  other  methods  of  immunization  against 
plague,  before  insisting  upon  the  use  of  larger  amounts  of  more  virulent 

"These  exi»eriiiie!its  were  undertaken  at  tliiH  time  l)ecau8e  the  statement  had 
previously  In'en  made  that  aj^glutinins,  at  least  in  some  cases,  had  been  demon- 
strated in  the  blood  serum  of  human  l)eings  who  had  In^en  inoculated  against 
plapiie  a  short  time  l)efore  with  HalTkine's  prophylactic,  a  conclusion  which  I 
have  not  been  able  in  anv  manner  to  confirm. 

ft 

*  Experiments  demonstrating  the  fact  that  animals  immune  to  peat  infection 
may  still  show  no  traces  of  agglutinins  in  their  blood,  together  with  those 
demonstrating  the  absence  of  a  true  bacteriolytic  action  of  plague  immune  serum, 
will  be  presented  later  in  this  paper. 

^  Ztschr.  f.  Hyg.  u.  Infectionskrunkh.,  T^eipz.   (1903),  45,  507. 
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killed  pest  cultures  in  the  human  inoculations  being  pursued  in  this 
city.  Further  results  obtained  by  Kolle  and  liis  associates  in  Berlin, 
and  the  animal  experiments  made  here,  liaving  demonstrated  that  in 
very  susceptible  animals  at  least,  satisfactory  immunization  could  only 
exceptionally  be  produced  by  the  methods  of  human  inoculation  then  in 
vogue,  this  laboratory  reiommended  to  the  Conmiissioner  of  Health  in 
Manila  the  suspension  of  the  human  inoculations  with  killed  cultures 
of  the  pi^st  bacillus,  and  has  not  since  recommended  to  our  Government 
any  method  of  protective  inoculation  against  plague  as  an  efficient  pro- 
cedure against  the  extension  of  this  disease.  However,  further  experi- 
mentation, which  I  have  carried  on  as  continuously  as  was  practicable 
for  the  past  year  and  a  half,  has  demonstrated  that  a  satisfactory  im- 
munity can  be  obtained  in  the  guinea  pig,  an  animal  even  more  susceptible 
to  plague  infection  than  is  man,  by  the  inoculation  of  living  cultures 
of  plague  bacilli  of  such  attenuation  that  they  are  no  longer  dangerous 
when  injected  into  human  beings.  Therefore,  this  laboratory  believes 
that  by  the  method  of  vaccination  °  against  plague  with  suitable  cultures, 
we  have  probably  an  efficient  measure  for  the  control  of  this  infectious 
disease,  and  we  recommend  its  adoption  for  this  purpose. 

At  present  there  is  not  sufficient  plague  in  this  city  to  warrant 
the  employment  of  general  vaccination  against  the  malady,  but  it  is  hoped 
that  the  method  may  be  given  a  thorough  and  careful  trial  in  certain 
districts  of  India  where  plague  is  always  present  in  sufficient  amounts 
to  justify  its  use.  A  preliminary  report  on  the  sui3Ject  of  vaccination 
against  plague  was  presented  to  the  Manila  Medical  Society  in  November, 
1905,  and  published  in  an  earlier  number  of  this  Journal.**  In  the 
present  article  further  evidence  of  the  entire  safety  of  vaccination  in  man 
against  plague  with  suitable  cultures  will  be  presented,  together  with 
the  experimental  work  which  demonstrates  conclusively  the  efficacy  of 
this  procedure  and  its  suj)eriority  to  other  methods  of  protective  inocula- 
tion, including  those  in  which  l)oth  natural  and  artificial  plague  aggressin, 
so  recently  described,  are  employed. 

*The  term  "vaccination"  is  employed  in  this  article  only  in  the  sense  in  which 
it  was  primarily  used  hy  Jenner  and  Pasteur  (ininuinization  with  the  living?, 
attenuated  organism)  and  is  not  applied  to  forms  of  protective  inoculation  in 
which  the  killed  organisms  or  their  extracts  are  employed.  See  Kolle's  previous 
remarks  on  this  subject. 

•Thi8  Journal  (1900),  1,  ISl. 


II.  DISCUSSION  OF  THE  PROPHYLACTICS  PREVIOUSLY 

EMPLOYED. 

Before  proceeding  directly  to  this  discussion  of  the  experimental  work, 
it  will  he  advantageous  to  mention  the  various  prophvlactics  which  have 
already  hcnai  used  in  human  beings,  and  briefly  to  review  the  methods 
of  prej)aring  them  and  the  immunizing  powers  which  they  possess. 

1.    METHODS   OF   PREPARATION. 

Haffkine's '  prophylactic  against  plague  coriHists  of  the  killed  bouillon  cultures 
of  the  pest  Imcilhis.  The  organism  is  growTi  in  3-liter  flasks  of  bouillon  upon 
the  surface  of  which  clarified  butter  or  coconut  oil  is  distributed.  The  cultures 
are  kept  for  six  weeks  at  a  temperature  between  25°  and  30°  C.  The  bacteria 
form  stalactite-like  growths,  which  extend  from  beneath  the  surface  of  the  oil 
downwards.  The  flasks  are  shaken  every  few  days,  when  the  organisms  fall  to  the 
bottom  of  the  vessel  and  a  new  growth  takes  place  above.  After  five  or  six 
weeks*  growth,  in  order  to  be  sure  that  the  Inmillon  cultures  are  pure,  subcultures 
are  made  from  them  upon  agar  slants.  The  bouillon  cultures  are  then  killed  by 
heating  for  one  hour  at  65°  to  70°  C.  and,  after  their  sterility  is  proven,  sufficient 
carbolic  acid  is  added  to  form  a  0.5  per  cent  solution.  The  prophylactic  is 
placed  in  30  cubic  centimeter  bottles  and  it  must  be  shaken  before  use,  sinct* 
the  killed  bacteria  naturally  settle  to  the  l)ottom  of  the  vessel.  Tlie  dose  for 
men  is  from  3  to  3.5  cubic  centimeters,  for  women  from  2  to  2.5  cubic  centimeters 
and  for  children  from  0.5  to  1  cubic  centimeter.  Recently,  Haffkine  has  in 
special  ca84»s  reconmiended  as  high  as  20  cubic  centimeters  for  a  single  injection. 
He  also  frequently  advises  a  second  and  even  a  third  inoculation.  • 

Another  form  of  prophylactic  against  plague  is  that  which  was  recommended 
by  the  CJerman  Plague  Commission"  (Gaflfky,  PfeifTer,  Sticker  and  Dieudonn^) 
and  which  consists  of  the  killed  agar  cultures  of  the  virulent  pest  bacillus. 
Forty-eight  hour  agar  slants  of  the  organism  arc  suspended  in  saline  solution 
or  bouillon  and  killed  by  heating  for  one  hour  at  05°  C  Carbolic  acid  is  then 
added  to  0.5  per  cent.  The  dose  for  a  grown  man  is  one  agar  culture.  This 
prophylactic  has  many  advantages  over  that  recommended  by  HaiTkine  since 
with  it  an  accurate  dose  as  well  a  fixed  virulence  for  the  organism  employed 
can  be  obtained.  Moreover,  it  is  much  less. dangerous,  since  either  the  tetanus 
bacillus  or  the  organism  of  malignant  oedema  may  develop  in  the  bouillon  cultures. 
Such  anaerobic  organisms  will  naturally  not  multiply  on  the  agar  slants. 

Hattkine  claimed  as  an  advantage  of  his  method  that  certain  metabolic  sub- 
stances of  the  plague  bacillus  were  contained  in  the  fluid  media  which  rendered  the 
propliylactic  more  elTcctive. 

'  lirit.  Mvd.  Jnuru.   (18!)7),  1401;  also  Lancet   (1800),  77,  1695. 
"  Hericht.   der   dcutsch.    Pest    Koinmission.     Arh.    a.    d.    k.    (Jandhtaamie,    Berl. 
(1800),  16,  300. 
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However,  both  the  German  Plague  Commission  and  Kolle  have  shown  that 
the  immunizing  substances  in  Haffkine's  prophylactic  are  mainly  contained  in 
the  sediment  consisting  of  the  killed  organisms.  Kolle*  showed  that  the  clear 
fluid  drawn  off  above  the  dead  Imcteria  possessed  but  little  immunizing  power  and 
further  demonstrated  that  the  number  of  bacteria  in  the  old  bouillon  cultures 
was  very  small  in  proportion  to  the  number  that  could  be  obtained  in  the  same 
volume  of  fluid  if  agar  cultures  were  used.  Thus,  one  agar  culture  contained 
al)out  as  many  bacteria  as  from  80  to  100  cubic  centimeters  of  an  old  bouillon 
culture.  Obviously  whatever  immunizing  power  the  clear  fluid  above  the  sedi- 
ment possesses  is  due  to  the  free  receptors  which  have  l)een  separated  from  the 
dead  bacilli.  It  therefore  seems  evident  that  killed  agar  cultures  are  superior 
for  inoculation  to  the  killed  bouillon  ones. 

Lustig  and  Galeotti  in  1897  '"  reconmionded  the  use  of  an  extract  of  the  plague 
bacillus  obtained  by  chemical  reagents.  For  its  preparation  three  or  four  day 
agar  cultures  of  the  organism  are  thoroughly  shaken  with  1  per  cent  caustic 
potash  solution. 

After  two  hours,  a  0.5  per  cent  acetic  acid  solution  is  slowly  added  until  the 
mixture  becomes  slightly  acid,  when  a  flocculent  precipitate  forms.  This  sedi- 
ment is  collected  on  filter  paper,  washed  to  a  neutral  reaction  and  finally  dried 
in  vacuo.  The  powder  when  it  is  to  be  used  is  dissolved  in  1  per  cent  sodium 
carbonate  solution.  The  dose  for  man  is  from  2  to  3  milligrams.  The  Swiss 
serum  institute  in  Bern  recommends  this  prophylactic  particularly  because  of 
the  fact  that  an  exact  dose  can  be  obtained  and  on  account  of  the  ease  with 
which  it  can  be  transpoVted. 

Another  protective  against  plague  has  been  recommended  by  Terni  and  Bandi " 
in  1900.  For  the  preparation  of  this  prophylactic  guinea  pigs  or  rabbits  are 
inoculated  intraperitoneal ly  with  a  small  quantity  of  a  suspension  of  the  pest 
bacillus  in  bouillon.  The  animal  usually  dies  in  from  thirty-six  to  forty-eight 
hours.  At  the  time  of  its  death,  or  a  little  before  (in  order  to  be  sure  that  no 
migration  into  the  peritoneal  cavity  of  the  intestinal  bacteria  has  taken  place) 
the  abdominal  cavity  is  opened,  the  peritoneal  exudate  collected  and,  if  it  is  very 
thick,  diluted  with  saline  solution.  The  exudate  is  then  placed  in  the  incubator 
at  37°  C.  for  twelve  hours;  it  is  next  heated  at  from  50°  to  52°  C.  for  one  hour 
on  two  successive  days;  in  this  way  it  becomes  sterilized  and  the  serum  albumins 
present  are  not  coagulated.  A  mixture  of  carbolic  acid,  0.5  per  cent,  sodium 
carbonate  0.25  per  cent,  and  sodium  chloride  0.75  per  cent  is  then  added,  in 
order  to  aid  in  the  preservation  and  in  the  absorbability  of  the  prophylactic  when 
used.     From  1.5  to  2.5  cubic  centimeters  are  recommended  for  human  injections. 

The  method  of  inoculation  against  plague  recommended  by  Sliiga  '*  is  as 
follows:  The  growth  from  a  three-day  agar  culture  which  contained  about  3  oesen 
of  plague  organisms  was  placed  in  a  mortar  with  3  cubic  centimeters  of  salt 
solution  and  thoroughly  rubbed  up.  The  suspension  was  then  heated  for  30 
minuter  at  00°  C  and  later,  C4irb<)lic  acid  to  0.5  per  cent  was  mixed  with 
it.  After  twenty-four  hours  an  ecjual  volume  of  a  pest  innnune  serum  was 
added.  Shiga  recommended  two  injections;  for  the  first  one,  0.0  to  1  cubic 
centimeter  of  the  mixture  of  serum  and  organisms  and  for  the  second,  after  tiie 

*Ztachr.  f.  llyg.  n,  /nfcvtion,skr(inkh.,  U'ipz.   (1001),  36,  300. 
^•Deutsche  med.  WchuNch.   (1S07),  23,  227,  289. 

''Deutsche  mcd.  Wchusch.  (1!KM)),  26,  403;  also  Uvv.  d,  Uyg,  Paris  (1900), 
22,  62. 

"Ber.  fiber  die  Pest  in  KoIk*  und  Osaka,  Tokyo  (1900),  54. 
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reaction  had  subsided,  the  same  amount  of  the  suspension  of  the  killed  organisms 
alone.  He  also  adviseil  a  third  inoculation  with  a  larger  dose  for  those  who 
arc  frequently  exposed  to  plague  infection.  The  addition  of  the  plague  serum  is 
recommended  in  order  to  diminish  the  local  and  general  reaction  and  to  aid  in 
absorption. 

The  prophylactic  recommended  by  Besredka"  in  1902  is  prepared  by  adding 
a  plague  immune  serum  to  a  suspension  of  the  killed  pest  bacillus  in  saline 
solution.  By  this  means  the  bacteria  become  agglutinated  and  sink  to  the 
l)ottom  of  the  vessel.  The  organisms  are  killed  by  heating  for  one  hour  at  60**  C. 
The  precipitate  of  bacteria  is  then  washed  thoroughly  to  free  it  from  any  excess 
of  serum,  and  the  agglutinated  and  washed  bacteria  are  used  for  the  injection. 
This  prophylactic,  Bcsredka  maintained,  produced  an  immunity  in  animals  after 
forty-eight  hours,  which  lasted  for  five  months.  Recently  "  he  has  recommended 
the  addition  of  a  normal  horse's  serum  in  place  of  the  immune  serum,  to  the 
suspensions  of  the  killed  and  dried  bacteria  in  saline  solution.  The  organisms 
after  separation  by  centrifugation  are  then  said  to  Ik*  "atoxique"  and  are  used  for 
the  inoculations. 

Gosio  "  recently  has  descril)ed  in  detail  a  practical  method  of  preparing  plague 
prophylactic  j.-  .icieM.     ''est  bacilli  were  cultivated  in  thin  layers  of 

bouillon,  in  flasKs  such  as  are  used  for  the  preparation  of  diphtheria  toxin.  The 
liacteria  were  then  precipitated  by  means  of  an  agglutinating  pest  serum  and 
separated  from  the  latter;  following  this  they  were  killed  by  heating  at  d5**  C. 
for  one  hour,  and  the  sterility  of  the  mixture  proved  by  the  addition  to  the 
inoculated  bouillon  tulies  of  a  small  amount  of  potassium  telluride. 

Hueppe  and  Kikuchi  **  in  October,  1905,  announced  that  successful  results  had 
been  obtained  in  guinea  pigs  by  repeated  inoculations  of  exudates  containing 
plague  aggressin.  The  experiments  are  very  few  in  number  and  but  briefly 
related,  but  the  authors  mention  that  in  this  paper  it  is  their  intention  merely 
to  call  attention  to  the  priority  of  the  use  of  this  method  of  immunization  of 
animals  against  plague.     As  yet  they  have  not  reported  further  upon  the  subject. 

Tn  November,  1905,  I  for  the  first  time  reported  to  the  Manila  Medical  Society 
upon  vaccination  in  man  with  attenuated  living  cultures  of  the  pest  bacillus,  and 
later,  in  February,  1906,  published  in  this  Journal"  and  afterwards  with 
Professor  Kolle,"  further  exi)eriments  relating  to  this  subject.  The  details  of 
nil  the  work  performed  in  vaccination  with  these  cultures  will  be  considered  in 
the  present  paper. 

Finally,  in  January  of  this  year  (190G)  Klein"  has  described  a  method  of 
plague  inoculation  which  he  has  employed  in  white  mice,  rats  and  guinea  pigs. 
The  buboes,  spleen,  lungs  and  liver  of  a  guinea  pig  which  has  succumbed  to  sub- 
acute |)e.st  infection  were  removed  and  finely  minced  aseptically,  spread  out  in 
thin  layers  in  sterile  glass  dishes  and  dried  over  sulphuric  acid  at  a  temperature 

"Ann.  d.  ri7i8i.  Pasteur  (1002),  16,  918. 
'*  Ann.  d.  Vinst.  Pasteur  (1005),  19,  470. 

^^  Ztschr.  f.  Uyg.  u.  Infectionskrankh.,  Leipz.    (1005),  50,  519. 
'"^Centrht.  f.  Bakirriol.  Orig.   (1005),  39,  010. 
''  This  Journal  (1000),  1,  181. 
'^Deiitsehe  Med.  Wchnsch.   (1006),  32,  413. 

i»  "Preliminary  Kcport  to  the  Local  (Joveriuiient  Board  on  a  New  Plague  Prophy- 
lactic," 1000,  London,  Darling  and  Son;  also  Brit,  ^fed.  Journ.   (1906),  155. 
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of  46°  to  47°  C.  for  three  days.  The  exposure  at  this  temperature  devitalized 
all  the  pest  bacilli  in  the  organs  and  also  prevented  the  growth  and  multiplication 
of  other  extraneous  organisms.  After  three  days  of  desiccation  the  dried  scales 
of  the  material  were  rubbed  down  to  a  fine  powder  in  a  sterile  mortar.  The 
material  was  finally  dried  for  from  two  to  three  days,  at  37°  C,  in  a  wide- 
mouthed  bottle. 

Wlien  the  prophylactic  was  to  be  used  the  desired  amount  was  weighed  out, 
well  rubbed  down  in  sterile  warm  distilled  water  and  the  turbid  emulsion  thus 
obtained  injected  subcutaneously. 

This  material  is  said  to  contain  not  only  "acutely  active  toxin  but  also  the 
dead  bodies  of  all  the  Bacilli  pestis  originally  present  in  large  numbers  in  the 
necrotic  organs  (buboes,  spleen,  liver  and  lungs)  with  the  addition  probably  of 
other  substances  of  an  imdetermined  nature  and  action." 

Klein  states  that  10  to  15  milligrams  of  the  dried  powder  confers  immunity 
on  the  adult  rat  whereas  5  cubic  centimeters  of  Haffkine's  prophylactic,  strongly 
turbid  with  flakes  and  masses  of  bacilli,  does  not  do  so,  10  cubic  centimeters 
being  necessary.  The  above  prophylactic,  in  doses  of  1  to  5  milligrams,  killed  a 
large  percentage  of  mice  withhi  twenty  to  twenty-four  hours  and  from  12  to  25 
per  cent  of  half-grown   white  rats   in   doses  •       iK^ti !>....  Wgfams^  if  the 

material  was  derived  from  acute  cases.  However,  if  obtained  from  the  necrotic 
organs  of  guinea  pigs  dead  of  subacute  plague  (death  in  from  five  to  nine  days) 
as  much  as  10  to  12  milligrams  were  required  to  produce  a  fatal  effect.  Even 
as  large  amoimts  as  20  milligrams  failed  to  kill  a  guinea  pig  of  200  to  300 
grams  weight.  An  adult  rat  weighing  120  to  200  grams,  injected  with  10  to  15 
milligrams  of  the  prophylactic  of  medium  virulence,  or  with  two  doses  of  10 
milligrams  each  at  an  interval  of  nine  to  ten  days,  was  given  complete  protection 
against  even  the  most  virulent  Bacillus  pestis  when  tested  from  one  to  thirteen 
weeks  after  immunization.  A  dose  of  20  milligrams  of  the  prophylactic  in 
question  in  the  case  of  guinea  pigs,  (which  animals  Klein  regards  as  less  suscep- 
tible to  plague  than  white  rats)  twice  injected  at  intervals  of  ten  to  fourteen  days 
did  not  afford  protection  in  more  than  50  per  cent  of  the  animals,  the  remainder 
dying  upon  the  subsequent  injection  of  virulent  plague  material.  However,  the 
death  of  the  animals  was  delayed  several  days  and  in  the  great  majority  of 
instances,  they  showed  suppurating  buboes.  Klein  argues  that  10  cubic  centi- 
meters of  Hafllcine's  prophylactic  will  protect  an  adult  rat,  an  amount  which 
according  to  the  statistics  in  India  and  elsewhere  represents  at  least  double 
that  required  for  the  protection  of  an  adult  human  being,  so  that  5  to  7  milli- 
grams of  his  dried  prophylactic  would  suffice  as  the  dose  for  the  human  subject. 

S.  Wallannah  *  has  also  described  a  somewhat  similar  method  of  obtaining  an 
extract  from  plague  organs  he  proposes  for  the  treatment  of  plague  cases, 
arguing  that  the  lesions  are  probably  the  winters  where  the  pest  antilxKlies  are 
manufactured  in  great  quantity. 

Passive  immunization  with  serum  Yersin,  Calmette  and  Borrell  "  will  be  con- 
sidered later  in  this  article.  While  this  methoil  is  particularly  etticiicious  for  a 
short  period  of  time  after  the  incK'ulation,  the  protection  afforded  by  it  {wrsists 
only  for  a  few  days.  Eight  days  after  the  injection  its  protective  action  becomes 
weaker,  and  after  twelve  it  is  almost  entirely  lost. 

^Cenirbl  f.  Bakteriol  Grig.  (1900),  42,  471,  and  Lancet   (1007),  172,  222. 
"Afin.  rf.  Vinst,  Pasteur  (1805)   9,  589. 


1 64  STRONG. 

2.    CONSIDERATION  OF  THE  EXTENT  EMPIX)YED  IN  MAN  AND  THE  RESULTS 

OBTAINED. 

The  prophylactics  described  above  constitute  the  methods  of  immuniza- 
tion against  plague  which  have  been  recommended  from  the  beginning 
of  the  nineteenth  century  up  to  the  present  time.**  In  regard  to  the 
extent  to  which  they  have  been  used  in  man  it  may  be  said  that  Besredka 
inoculated  himself  with  his  prophylactic  but,  so  far  as  I  am  aware,  it 
has  not  been  further  employed  in  human  beings.  The  methods  of  (Josio, 
Hueppe  and  Kikuchi  and  Klein  have  not,  to  judge  from  the  absence  of 
reports,  as  yet  been  used  in  man.  Forty-seven  persons  were  inoculated 
by  Shiga's  method  in  1899  in  Kobe  and  Osaka.  The  Terni-Bandi  method 
was  employed  in  Rio  de  Janeiro,  Brazil,  in  the  epidemic  of  1889  to  1901. 
According  to  Havelburg  several  hundred  people  were  inoculated  in  that 
city  and  no  cases  of  plague  occurred  among  them,  with  one  exception, 
where  the  individual  sickened  on  the  day  of  inoculation  and  where  the 
attack  of  pest  was  mild  and  resulted  in  the  recovery  of  the  patient.  The 
inhabitnats  of  Rio  de  Janeiro  number  about  750,000,  and  only  589  cases 
of  plague  occurred  in  the  entire  city;  therefore  from  these  human 
statistics,  we  can  not  form  a  judgment  of  the  value  of  the  method.  Dessy 
in  the  plague  epidemic  in  1900,  in  San  Nicola,  La  Plata,  inoculated  200 
persons  with  Lustig's  prophylactic.  None  of  the  vaccinated  sickened  with 
pest.  The  same  remark  applies  to  these  statistics  as  to  the  ones  collected 
from  the  cases  in  which  the  Terni-Bandi  method  was  employed.  The 
pro})hylactic  recommended  by  the  German  Plague  Commission  has  also  not 
been  very  extensively  employed  in  human  beings,  although  Zupitza  has  used 
the  method  to  some  extent  in  East  Africa.  Over  127,000  cases  in  Japan 
have  been  inoculated  with  small  quantities  (2  milligrams  to  each  case) 
of  killed  agar  culture  of  the  pest  bacillus. 

The  protective  which  has  obviously  most  widely  been  used  in  man  is 
that  recommended  by  Haffkine,  and  this  I  believe  chiefly  to  be  due  to 
the  fact  that  Haffkine  has  resided  in  India  and  has  had  abundant  oppor- 
tunity to  employ  his  method.  It  is  not  my  purpose  here  to  enter  into 
a  discussion  of  the  available  statistics  of  the  results  of  the  human  inocula- 
tions performed  in  India.  They  are  to  be  found  in  the  publications  of 
the  Indian  Plague  Coiinnission,  in  other  Indian  government  reports, 
and  in  Haffkine's  very  n^cent  article  on  the  subject.-^  From  their  study 
one  becomes  convinced  that  it  is  very  difficult  to  decide  just  what  the 
value  of  the  inoculations  })erfornuvl  by  this  method  has  been.     However, 

-^  In  the  eighteenth  eentury  some  desultory  attempts  were  made  to  secure 
immunity  in  man  by  exiMising  the  individual  to  direct  infection  with  plague  pus. 
Thes<»  methods  were  soon  abandoned  owing  to  the  disastrous  results  following 
their  employment.  1  luive  previously  considered  them  elsewhere.  This  Jour- 
mil   (1900)    1,  181. 

'-^  liuH.  dc  Vinst.  Pasteur  (1900).  4,  82r). 
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it  seems  unquestionable  that  large  and  repeated  doses  of  Haffkine's  prophy- 
lactic frequently  protect  individuals  against  plague  infection,  although 
it  is  well  known  that  many  of  the  inoculatcMl  persons,  including  even  a 
number  of  those  who  receivwl  more  than  one  injection  of  the  prophylactic, 
have  contracted  the  disease.  Thus,  the  Indian  Plague  Commission  found 
that  some  individuals  who  during  two  years  had  received  four  injections 
of  the  prophylactic,  fell  victims  to  pest ;  and,  on  the  other  hand,  as  many 
as  8  per  cent  of  the  inoculated  in  one  district,  Bulsar,  contracted  the 
disease.  In  1902  it  was  the  intention  of  the  Indian  government  to 
inoculate  the  inhabitants  of  a  province  containing  about  six  millions 
of  j>eople  with  this  prophylactic.  However,  the  work  was  discontinued 
owing  to  18  deaths  from  tetanus  which  occurred  among  the  inoculated 
shorty  after  the  project  was  undertaken. 

It  is  important  in  discussing  the  value  of  Haffkine's  inoculations  to 
consider  the  work  of  Kolle  and  Otto  **  on  the  immunization  of  guinea 
pigs  with  Haffkine's  prophylactic.  These  authors  conclusively  showed 
that  guinea  pigs  could  not,  except  in  rare  instances,  be  inmiunized  against 
pest  infection  by  the  use  of  this  prophylactic  and  their  experiments  led 
them  to  emphasize  the  fact  that  if  large  and  repeated  doses  of  the  killed 
pest  organism  failed  to  immunize  such  small  animals  as  guinea  pigs, 
it  seemed  unreasonable  to  expect  very  favorable  results  in  man  from 
such  a  method,  particularly  since  the  amount  of  the  bacteria  inoculated 
in  human  beings  is  so  much  smaller  in  proportion  to  the  body  weight.     , 

However,  the  subject  with  which  I  was  at  first  most  concerned  was 
work  which  would  lead  to  a  decision  a*s  to  the  most  effective  method 
of  inoculation  against  pest  and  this  it  seemed  could  best  be  carried  out 
by  experimental  studies  on  animals. 

It  therefore  was  from  this  standpoint  that  I  decided  first  to  investigate 
the  subject. 

^  Ztschr.  f.  llyy.  u.  Infcctionskrankh.,  Leipz.    (1903),  45, 


in.  CTTLTTTRES  EMPLOYED  IX  THE  EXPERIMENTAL  WORK. 

The  cultures  of  Bacillus  pestis  employed  in  the  experimental  work 
considered  in  this  article  consist  of  one  virulent  and  three  avirulent 
strains  of  the  organism,  which  will  1m?  designated  in  the  descriptions  as 
"Pest  Virulent,"  "Pest  Avirulent,"  "Maassen  Alt,"  and  "Avirulent 
Manila." 

*'PeHt  Vindent/' — The  strain  "Pest  Virulent"  was  obtained  from  a 
human  case  of  plague  which  succumbed  in  October,  1905.  It  was  isolated 
from  the  spleen,  at  autopsy,  by  plate  cultures  and  was  then  grown  upon 
an  agar  slant  for  one  generation.  From  this  culture  it  was  inoculated 
into  a  guinea  pig.  Upon  the  death  of  this  animal,  a  portion  of  its 
spleen  was  rubbed  over  a  freshly  shaved  area  on  the  abdomen  of  the 
second  guinea  pig  and  this  process  of  inoculation  from  the  spleen  of 
one  animal  to  the  abdomen  of  a  fresh  one  has  successively  been  repeated 
from  animal  to  animal  without  an  interruption  for  more  than  a  year 
and  for  over  two  hundred  passages  of  the  strain.  (See  Series  of  ino- 
culations, p.  29G.)  Whenever  it  was  desirable  to  experiment  with 
this  strain,  cultures  were  made  upon  agar  from  the  heari;*8  blood  of 
one  of  this  series  of  guinea  pigs  on  the  day  of  the  death  of  the  animal, 
and  twenty-four  hours  later  the  growth,  if  pure,  was  transferred  to  a 
second  agar  tube.  A  second  transfer  of  this  culture  (never  removed 
longer  than  three  or  four  days  and  usually  not  longer  than  seventy-two 
hours  from  the  animal  body)  was  used  in  my  experiments  in  testing 
the  immunity  of  the  animals  inoculated  by  the  different  methods,  except- 
ing in  a  few  instances  in  which  a  first  transfer  was  employed;  in  these 
cases  it  is  so  stated  in  the  description  of  the  experiments.  Hence,  the 
nu^thod  of  testing  was  uniform,  a  48-hour  slant  agar  culture  of  the  first 
or  second  transfer  invariably  being  employed.  In  the  preparation  of  all 
the  pro})hy]a('tics  with  which  I  experimented,  in  the  manufacture  of 
which  it  was  desired  to  use  a  virulent  organism,  a  first  or  second  transfer 
of  this  culture  was  also  employed.  The  strain  "Pest  Virulent**  kills 
guinea  pigs,  usually  in  from  three  to  seven  days  after  cutaneous  ino- 
culatiim  by  massaging  the  shaved  abdomen  of  the  animal  with  a  por- 
tion of  a  plague  spleen  from  another  one  (see  p.  ^6),  and  hence 
it  represents  a  very  virulent  strain  of  Bacillus  pestis.  It  may  be  seen 
from  the  experiments  which  will  later  be  recorded  in  detail  that, 
(luring  the  entire  time  of  its  passage  through  guinea  pigs,  the  viru- 
lences of  this  strain  for  these  animals  and  for  rats  and  monkeys  re- 
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mained  unchanged.  It  is  perhaps  needless  to  add  that  its  morphology 
and  cultural  characteristics  are  typical  of  other  unquestionable  strains 
of  BacUlus  pestis  and  that  it  is  agglutinated  by  a  standard  pest  serum. 
A  small  standard  oese  was  employed  throughout  the  work,  of  such  a 
caliber  that  one  48-hour  second-generation  culture  of  this  strain  yieldcxl 
about  10  oesen  of  growth. 

"Pest  Avirulent/' — This  strain  was  obtained  tlirough  the  kindness 
of  Prof.  W.  Kolle,  at  present  Director  of  the  Itistitut  fiir  InfektionS' 
krankheiten ,  in  Bern.  It  represents  an  attenuated  strain  of  "Maassen 
Alt/'  presently  to  be  described.  It  foruis  colonies  on  agar  typical  of 
other  strains  of  Bacillus  pestis  and  in  other  ordinary  media  its  growth 
resembles  this  organism.  Its  morphology  on  agar,  whih^  not  perfectly 
typical  of  Bacillus  pestis,  is  suggestive  of  this  organism,  since  a  number 
of  bipolar  staining  bacilli  may  be  distinguished  in  the  cover  slips  made 
from  the  fresh  culture. 

A  19-hour  agar  slant  culture  of  this  organism  was  suspended  in 
bouillon  and  inoculated  beneath  the  skin  of  the  shaved  abdomen  of  a 
monkey.  Six  hours  later  an  incision  was  made  near  the  point  of  inocula- 
tion and  cover  slip  preparations  and  culturc*s  secured  from  the  drops  of 
blood  which  escaped  from  the  incision.  No  bacilli  were  found  in  the 
cover  slips,  but  the  cultures  developed  numerous  colonies  presenting  the 
typical  appearance  of  those  of  Bacillus  pestis.  Microscopical  prepara- 
tions from  these  colonies  revealed  plump  bacilli,  a  few  involution  forms, 
and  others  with  typical  bipolar  staining.  Some  of  the  organisms  occurred 
singly,  others  in  pairs  or  rarely  in  chains  of  three  or  four.  Some  of 
them  appeared  encapsulated.  In  other  instances  also  in  which  very  large 
amounts  of  this  strain  were  inoculated  intraperitoneally  into  guinea 
pigs  and  in  which  the  animal  succumbed  to  pest  intoxication,  organisms 
with  the  typical  morphology  of  B.  pestis  have  also  been  observed  in 
microscopical  preparations  made  from  the  abdominal  cavity.  (See  Series 
32.)  The  strain  "Pest  A  virulent"  is  agglutinated  by  two  standard  pest 
sera.  Its  virulence  is  so  reduced  that  from  1  to  2  whole  agar  slant 
cultures  do  not  cause  the  death  of  guinea  pigs  when  injectcnl  subcuta- 
neously.  In  small  animals  under  175  grams  in  weight,  one  agar  slant 
injected  intraperitoneally  has  (K'casionally  causeil  death  from  plague 
intoxication.  (Sw  Series  37,  auinuil,  number  2043,  p.  207.)  The  un- 
questionable proof  that  the  organism  really  represents  an  attenuatc^l  strain 
of  the  genuine  pest  bacilhis  is  furnished  by  the  fact  that  monk(\vs  and 
guinea  pigs  vaccinatiMl  with  this  cultun*  have  later  b(*en  shown  to  possess 
high  and  undoubteil  pest  immunity,  by  substHjuently  inoculating  them 
with  multiple  lethal  doses  of  the  strain  "Pest  V^irulent"  already  descril)ed. 
(See  Series  4,  11,  12,  18,  etc.,  pp.  191)  to  212.) 

Pest  "Maa^sen  Alt," — This  strain  was  also  obtained  by  me  from  Pro- 
fessor Kolle,  who  originally  received  it  from  Dr.  Maassen.     Both  it  and 
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the  previous  strain  have  been  described  by  Kolle  and  Otto,"  and  exten- 
sively employed  by  them  in  the  immunization  of  various  laboratory 
animals.  The  cultural  peculiarities  and  morphology  of  pest  "Maassen 
Alt"  are  typical  of  Bacillus  pestis  and  microscopical  preparations  from  its 
cultures  show  the  characteristic  bipolar  staining  of  the  bacilli.  Such 
forms  are  particularly  noticeable  after  the  bacillus  has  been  inoculated 
into  the  subcutaneous  tissues  of  an  animal  and  several  hours  later  re- 
claimed in  culture's.  This  organism  is  also  agglutinated  by  two  standard 
jiest  sera;  it  likewise  represents  a  much  attenuated  strain  of  Bacillus 
pesiis^  although  its  virulence  is  not  so  far  re<luced  as  is  that  of  the  strain 
"Pest  Avirulent."  Guinea  pigs  of  from  200  to  300  grams  weight  as  a 
rule  recover  from  subcutaneous  injections  of  such  large  amounts  as  from 
one  to  two  agar  slant  cultures,  yet  they  sometimes  succumb  to  such  inoc- 
ulations. Evidences  of  a  subacute  pest  infection  are  visible  in  the  event 
of  their  death.  In  other  experiments,  when  as  much  as  a  whole  agar 
slant  culture  has  been  injected  intra  peri  toneally,  or  more  rarely  subcuta- 
neously,  the  animal  has  died  within  twenty-four  to  forty-eight  hours, 
apparently  of  a  toxiemia,  the  organisms  not  having  multipled  to  any 
demonstrable  extent,  or  at  least  they  have  certainly  not  invaded  the 
circulation  or  the  solid  organs.  This  has  been  demonstrated  by  the 
sterility  of  cultures  made  from  these  locations.  (See  Series  38,  animal 
number  2050,  p.  219,  and  Serit»s  40,  animal  number  2128,  etc.,  p.  220.) 
In  still  other  instances  in  which  the  guinea  pigs  have  lived  six  or  more  days 
after  inoculation  and  then  succumbed  and  in  which  the  injection  has  been 
made  subcutaneously,  pest  bacilli  may  be  demonstrated  in  cultures  from 
the  buboes  which  have  developed  but  they  may  not  be  encountered  in  the 
blood  of  the  heart  or  any  of  the  other  organs  of  the  body.  As  in  the 
case  of  the  strain  "Pest  A  virulent,'*  undoubted  proof  that  the  culture 
"Pest  Maassen"  represents  an  attenuated  type  of  Bacillus  pesti^  has  been 
given  by  the  fact  tliat  numerous  guinea  pigs  and  monkeys  have  been 
vaccinated  with  it  and  have  later  shown  high  and  undoubted  immunit}' 
against  inoculations  with  the  strain  "Pest  Virylent."  (See  Series  17, 
21,  etc.,  pp.  212  to  221.) 

Pest  "Avirulent  Manila/' — The  culture  "Avirulent  Manila"  was  ob- 
tained from  an  autopsy  upon  a  typic^al  case  of  human  bubonic  plague 
occurring  in  Manila  in  the  autumn  of  1903.  Its  exact  virulence  at  the 
time  of  iis  isolation  was  not  known.  It  was  preserved  in  the  laboratory 
as  a  stock  ]a])()ratory  plague  culture  l)y  Mr.  Hare,  formerly  of  this 
Institute,  and  was  transj)lante(l  from  time  to  time  on  agar.  It  had  not 
been  passed  through  animals  since  its  isolation  up  to  the  time  these 
experiments  were  l)egun.     In  the  summer  of  the  year  1905,  from  1  to  2 

'^  Ztschr.  f.  Hyy.  u.  Infcction^krankh.y  Leipz.   (1903),  45,  513. 
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oesen  of  this  culture  constituted  a  lethal  dose  for  guinea  pigs  of  250  to 
300  grams  weight,  when  inoculated  subcutancously,  the  animals  usually 
dying  from  subacute  plague  infection.  The  virulence  of  this  organism 
has  still  further  been  re<luced  by  growing  it  at  a  temperature  of  from 
41°  to  43°  C.  in  flasks  of  alcoholic  bouillon  for  three  weeks  at  a 
time  as  ilBcommended  by  Hetsch.^'^  (See  p.  310,  "Virulence  of  Pest 
Bacillus/')  By  this  means  a  considerable  reduction  in  virulence  has 
occurred,  since  at  the  })resent  time  guinea  pigs  of  250  to  300  grams 
weight  are  usually  able  to  withstand  the  subcutaneous  inoculation  of 
one  entire  24-hour  agar  slant  culture  of  this  organism.  However,  occa- 
sionally they  succumb  to  pest  infection  from  a  such  dose,  although 
the  course  of  the  disease  in  these  instances  is  always  })rolonged.  This 
organism  also  shows  the  typical  mor})ht)logy  of  Bacillus  pestis  and 
agglutinates  with  a  standard  pest  serum;  animals  vaccinated  with  it  also 
acquire  pest  immunity.  As  this  strain  was  known  formerly  to  have 
possessed  a  greater  virulence  in  nature  and  had  been  artificially  attenuated, 
experiments  were  performed  with  it  in  monkeys  to  ascertain  whether 
it  would  be  possible  to  cause  it  to  regain  its  original  virulence.  However, 
from  this  standpoint  these  experiments  were  unsuccessful.     (See  p.  301.) 

^  Ztachr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.   (1904),  48,  442. 


IV.  ANIMALS     EMPLOYED— THP]1R     SUSCEI^IBILITY     TO 
PEST  INFECTION— LETHAL  DOSE— TECH- 
NIQUE OF  INFECTION. 

Rats  and  monkeys,  in  addition  to  guinea  pigs  and  rabbits,  mainly 
have  been  emj)loyed  in  the  experimental  work. 

Rats, — The  rats  used  in  the  majority  of  eases  were  the  ordinary  wild 
ones  found  in  Manila  belonging  to  the  species  Mv>s  decumanus,  and  in 
a  few  instances  to  the  spc^cies  M.  rattus.  They  contract  pest  infection 
naturally  and  have  been  known  to  be  concerned  in  the  spread  of  plague 
in  Manila  since  1902.  During  that  year  the  pest  bacillus  was  found 
in  the  organs  of  0.34  per  cent  and  in  the  following  year  in  0.0625  per 
cent  of  these  rodents  collected  from  various  portions  of  the  city  of 
Manila  and  sent  by  the  Board  of  Health  to  the  laboratory  for  examination. 
The  majority  of  the  rats  so  infected  had  been  found  dead  or  were  captured 
in  the  houses  where  cases  of  human  plague  had  occurred.  Since  the 
decline  of  plague  in  Manila,  only  an  occasional  rat  has  been  found  to 
be  infected.  Wherry  reportcnl  from  this  lal)oratory  one  such  instance 
in  1905,  and  during  the  present  year  (1906)  the  pest  bacillus  has  been 
isolated  but  twice  from  rat^^  collecte<l  in  Manila  and  sent  to  the  laboratory 
for  examination.  These  wild  rats  could  be  obtained  alive  in  great  abun- 
dance and  on  account  of  the  frequent  scarcity  and  the  difficulty  of  breeding 
white  rats  here  in*this  city,  the  wild  species  was  useil  in  the  majority  of 
the  plague  ex})erimcnts  and  they  })roved  very  satisfactory  animals.  The 
rats  were  always  kept  for  some  time  after  their  capture  before  being 
employed  for  experimental  purposes.  They  were  satisfactorily  handled 
(luring  the  inoculations  by  two  Filipino  assistants,  who  protected  them- 
selves from  being  bitten  by  wearing  extra  heavy  leather  gloves.  Bat 
tongs  or  })in(er8  were  not  employed  because  of  the  danger  of  traumatic 
injuries  to  the  animals.  As  was  expected,  the  species  3/.  decumanus 
proved  itself  to  be  readily  siiseej)tib]e  to  plague  infection.  In  the 
ex j)eri mental  subcutaneous  inoculations  of  these  rats  a  8CH*ond  transfer 
of  a  18-h()ur  culture  of  'VPest  Virulent"  was  suspendeil  in  5  cubic  cen- 
timeters of  bouillon  or  saline  solution  and  a  syringe  needle  from  a  5 
cubic  centimeter  syringe  dipped  in  this  suspension  and  then  thrust 
beneath  the  skin  near  the  base  of  tlie  tail  of  the  rat.  After  such  an 
inoculation  the  animal  almost  invariably  succumbed  to  pest  infection, 
usually  in  from  three  and  one-half  to  five  days,  although  life  sometimes 
was  ])rolonged  to  from  the  seventh  to  the  fifteenth  day  after  inoculation. 
170 
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A  single  animal  which  evidently  possessed  unusual  resistance  or  acquired 
immunity,  lived  for  twenty-two  days  and  finally  died  of  chronic  pest. 

Chronic  forms  of  pest,  such  as  have  heen  described  by  Kolle  and 
Martini,*^  in  which  the  inoculated  rats  lived  for  months,  have  not  been 
observed  in  any  of  the  animals  injected  with  the  suspension  of  the  strain 
"Pest  .Virulent"  in  the  doses  mentioned  above.  It  seems  not  unlikely 
that  less  virulent  strains  of  the  organism  have  usually  given  rise  to  the 
chronic  infections  in  rats.  Whenever  the  death  of  the  rat  occurred 
from  the  infection,  pest  bacilli  were  always  found  at  autopsy  in  the  tissues 
near  the  point  of  inoculation  and  almost  always  in  the  spleen.  However, 
in  the  spleen  the  organisms  were  frequently  not  so  numerous  as  near  the 
point  of  inoculation,  and  in  the  heart's  blood,  while  they  usually  were 
present  in  abundance,  sometimes  they  were  found  only  in  small  numbers 
and  occasionally  they  even  were  absent. 

The  Japanese  variety  of  white  rats  which  was  useil  was  probably  the 
albino  variety  of  Mu^s  rattus.  They  also  almost  invariably  succumbed  to 
pest  infection  in  a  manner  similar  to  the  wild  rats  and  they  seemed  to 
be  equally  or  somewhat  more  susceptible  to  the  same  amount  of  the  strain 
"Pest  Virulent"  than  the  species  of  wild  rat  (Mu^  decumanus) . 

Whether  the  Manila  wild  rat  through  its  progenitors  has  gradually 
acquired  a  slightly  greater  insusceptibility  to  pest,  a  disease  to  which  it 
has  been  exposed  from  time  to  time,  can  not  be  stated.  Albrecht  and  Gohn 
found  gray  rats  slightly  more  susceptible  than  white  ones,  although  the 
experiments  upon  which  they  based  their  conclusions  were  not  numerous. 

Monlceys, — The  study  of  pest  infection  in  monkeys  is  particularly  im- 
jjortant,  since  these  animals  suffer  with  forms  of  the  infection  analogous  to 
those  seen  in  man  and,  moreover,  are  said  sometimes  to  contract  the  disease 
naturally.  I  have  never  observed  a  case  of  spontaneous  infection  in  a 
monkey  in  Manila,  but  I  have  never  systematically  sought  for  such  an 
infection. 

In  the  report  of  the  Indian  Plague  Commission  there  is  some  evidence  of  the 
occurrence  of  plague  in  monkeys.  Most  of  it  is  not  entirely  conclusive,  but  in 
some  instances  the  diagnosis  was  contirmed  by  bacteriologiciil  examination. 
Albrecht  and  Gohn*  have  also  mentioned  spontaneous  infection  in  these  animals 
and  Simond  **  and  C'lemow  ■"  have  reported  epidemics  among  them. 

The  latter  author  (m  tliree  occasions  observed  that  mcmkeys  which  were  sup- 
posed to  be  of  the  species  Macacus  si/tiici/.v,  sickened  spontaneously  and  died. 
Plague  bacilli  were  isolated  from  a  nundn'r  of  the  animals  at  autopsy. 

''Deutsche  mcd.  Wchfischr.   (1902),  28,  3. 

"  Uber  die  Beulenpcst  in  Bombay:  Denkschr.  d.  viath.-naturiv.  Klaasc  d.  A'fii.s. 
Akad.,  Wien  (1898-1000),  66,  726. 

''Ann,  de  Vinat.  Pasteur  (1S98),  12,  004. 
''Brit.  Med.  Journ.   (1900),  1141. 
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Statements  in  the  literature  in  regard  to  the  lethal  dose  of  pest  bacilli 
for  monkeys  of  difTerent  species  vary  somewhat  and  are  not  entirely 
definite. 

Albreclit  and  (John  '^  (lloport  of  i\w  AiiHtrian  Plnj^ie  CoinmiHaion )  in  their  expe- 
riments witli  monkeyH  uswl  tlio  small,  long-tailed,  browTi  Indian  specieM.  Inocula- 
tionn  of  living  cultures  in  amounts  of  from  0.5  to  4  oesen  were  made.  With  some 
strains  0.5  ot*«e  killed  animals  after  forty-eight  hours  and  with  others  2  oesen  failed 
to  kill.  It  is  not  possible  from  their  exjxeriments  to  arrive  at  a  general  deter- 
mination of  a  lethal  dose  for  these  aninuils,  since  strains  of  different  virulence 
and  in  different  amounts  and  with  different  methods  of  inoculation  were  employed 
and  no  series  of  animals  by  any  one  method  of  exjierimentation  is  given. 

Wyssokowitz  and  Zabolotny '-  (Russian  Plague  Commission)  in  their  experi- 
ments used  three  Indian  siK'cies,  described  as  the  Ma<iocus  with  the  long  tail, 
the  Macarus  with  the  short  tail  and  the  black  ape  with  a  long  tail.  The  two 
latter  were  foimd  to  be  more  susceptible  to  i)est  infection,  dying  in  from  two 
and  one-half  to  throe*  days,  while  the  former  usually  succumbed  in  from  -four  to 
five  days  after  inoculation.  These  monkeys  proved  to  be  verj'  sensitive  to  small 
amounts  of  plague  bacilli.  A  prick  on  the  palm  of  the  hand  or  sole  of  the 
foot  of  the  animal  with  a  needle  which  had  been  moistened  with  a  plague  culture, 
invariably  protluced  death  in  from  three  to  ten  days. 

In  1901  Zabolotny,"  in  further  experiments,  confirmed  the  fact  that  in  the 
animals  of  both  the  species  Mactwus  radia1u8  and  Hemnopithecus  entellus  a 
small  amount  of  pest  bacilli  gave  rise  to  fatal  infection,  but  that  the  latter 
species  was  more  susceptible  and  succumlH»d  iii  a  shorter  time. 

The  German  Plague  Commission  used  two  varieties  of  monkeys  in  their 
exi)eriments,  Macacus  radiatua  and  Sctnnopiihecus  cnteUus.  The  later  species 
was  extraordinarily  sensitive  to  pest  infection,  succumbing  in  six  days  to  the 
8ul)cutaneous  injection  of  0.01  or  0.001  nese  of  the  virulent  plague  liaeillus  and 
dying  of  larger  inoculations  after  two  days.  Tliese  monkeys  also  succumbed  to 
I)est  infection  if  small  amounts  of  i>est  Ixiuillon  cultures  were  rubbed  into 
superficial  wounds  of  the  skin.  The  s|)ecios  Manic\is  rudiatus  was  much  less 
susceptible.  When  tlie  skin  was  scarified  and  a  fresli  agar  culture  rubbed  over 
the  wo\m(le<l  area,  or  0.01  of  an  oese  of  an  agar  culture  injected  subcutaneously, 
the  animals  ae<juired  a  moderate  pest  infection,  with  fever,  glandular  swellings, 
etc.,  but  usually  survived.  However,  1  oese  of  a  two-day  agar  culture  suspended 
in  1  cubic  centimeter  of  bouillon  and  inject<»d  subcutaneously,  always  caused 
the  death  of  this  species  in  three  or  four  days,  and  A  or  i  of  an  oese  always 
brouglit  al»out  the  same  result,  although  in  a  slightly  longer  time. 

In  the  report  of  the  Indian  Plague  Commission  mention  is  merely  made  of 
tlie  fact  that  tlic  gray  Indian  monkey  is  more  susceptible  to  plague  than  the 
brown. 

Only  the  coinnion  Philipi)ine  species  {Cijnomolgus  philippinetuds 
(fcoir.)  was  employed  in  my  experiments  with  monkeys.  The  similarity 
of  ])esi  in  lection  in  these  monkeys  to  that  observed  in  liuman  beings  is  very 
mark(Ml,  and  in  the  experimental  work  witli  them  all  forms  of  infection 
with  plague  have  hcen  encoiiiitenHl.  This  specitvs  of  monkey  appears  to 
stand    ])etweeii   Mam  ens   radinius   (ieotf.    (Macarus  sinicus   Linn)    and 

'''  Loc.  oit.,  71:j. 

^'Ann.  d.  Vinst.  Piusfvur  (  1SJ)7),  11,  ({(i:i. 
^  Arch.  M.  Biologiqucfi   (1JK)1),  8,  31)0. 
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Semnointhecus  enieUun  Ciivier  in  relation  to  susceptibility  to  plague 
infection.  However,  since  all  three  of  these  species  apparently  belong 
to  different  genera,  it  is  perhaps  not  strange  that  their  susceptibility  to 
the  infection  should  vary  to  a  certain  extent. 

Obviously,  in  the  beginning  of  this  work  it  was  iniport^int  to  determine 
the  lethal  dose  with  a  pest  culture  of  known  virulence  for  the  species 
Cynomolgus  philippinensis  with  which  the  experiments  were  to  be  per- 
formed and  this  was  done  as  accurately  as  possible.  However,  the 
susceptibility  of  the  individual  monkeys  of  thi^  same  species  was  found 
to  vary  considerably.  Usually,  the  animal  dies  from  pest  infection  in 
from  thrc»e  to  seven  days  if  the  growth  from  a  48-hour  agar  slant  culture 
of  the  strain  '^Pest  Virulent"  is  suspended  in  5  cubic  centimeters  of 
bouillon,  and  a  5  or  10  cubic  centimeter  syringe  needle  dipj)ed  in  this 
suspension  and  then  thrust  beneath  the  skin  near  the  root  of  the  tail. 
Also,  if  the  skin  is  shaved  over  a  small  area  and  slightly  scarified  and 
then  a  suspension  in  bouillon  of  the  same  culture  is  rubbed  over  this 
area,  the  animal  usually  succumbs.  On  the  other  hand,  some  of  these 
monkeys  will  survive  the  inoculation  of  similar  and  of  even  much  larger 
amounts  of  the  virulent  pest  organism,  certain  of  them  remaining  alive 
after  the  injection  of  even  \  and  J  o<^e  of  "Pest  Virulent".  However, 
it  has  been  found  that  ^  oese  of  **lV*st  Virulent''  suspended  in  0.25 
cubic  centimeter  of  bouillon  alwavs  constitutes  a  fatal  dose  for  mon- 
keys  averaging  about  2,000  to  3,000  grams  in  weight,  and  therefore, 
although  usually  this  quantity  of  plague  culture  really  re})re8ents  many 
times  the  multiple  lethal  dose  for  the  majority  of  these  animals,  it  has 
been  employed  in  testing  the  immunity  of  all  the  monkeys  used  in  my 
experiments  and  weighing  under  3,000  grams,  excepting  in  the  first 
series  of*  experinients  where  the  lethal  dose  had  not  been  deterniined 
accurately  and  where  it  is  then  noted  in  the  tables.  For  monkeys  over 
this  weight  J  oese  of  "Pt^t  Virulent"  susj)ended  in  0.33  cubic  centimeter 
of  bouillon  has  been  employtnl.  In  order  that  the  size  of  dose  used 
in  testing  all  the  animals  njight  be  as  uniform  as  j)ossible  one  48-hour 
agar  slant  culture  of  the  strain  ''IVst  X'irulenf'  was  suspendinl  in  5  cubic 
centimeters  of  bouillon  or  saline  sohition :  0.25  tul>ic  centimeter  of  the 
8usiK?nsion  then  contains  .]  oese  and  0.33  cubic  centimeter  J  oese  of  this 
organism. 

The  variations  in  susceptil>i]ity  between  different  individuals  of  this 
8j)ecii»8  of  monkey  are  evidently  of  considerable  imj)ortance  in  the  study 
of  their  immunization  and,  as  will  be  seen  from  the  experiments  which 
will  be  related  further  on,  this  individual  variation  probably  accounts 
largely  for  the  different  results  in  immunizatitm  which  have  been  ol)tained 
in  animals  of  the  same  weight  and  inoculated  with  the  same  dose  and  by 
the  same  metho<l. 

If,  for  example,  each  animal  of  a  series  is  inoculateil  with  a  fixed 
amount  of  plague  vaccine  and,  later,  the  immunity  of  each  is  tested  by 
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the  inoculation  of  equal  amounts  of  the  virulent  pest  bacillus,  if  the 
susceptibility  of  the  different  animals  varies,  then  different  results  in 
mortality  must  occur  both  for  the  reason  that  different  degrees  of  im- 
munity will  arise  in  the  different  animals  from  the  primary  inoculation 
of  the  same  dose  of  the  vaccine  and  for  the  reason  that  in  testing  the 
immunity,  the  fixed  amount  of  the  virulent  organism  employed  will 
represent  in  the  more  susceptible  animals  a  greater  multiple  of  the  lethal 
dose  than  it  does  in  the  less  susceptible  ones.  This  variation  in  suscep- 
tibility to  the  action  of  the  plague  bacillus  has  \yeen  found  to  be  much 
more  marked  in  the  monkeys  I  have  uscni  than  it  is  with  other  laboratory 
animals,  and  it  seems  not  unlikely  that  the  conditions  relating  to  sus- 
ceptibility in  these  animals  approach  nearer  to  tliose  which  exist  in  man 
than  they  do  to  those  which  are  present  in  such  animals  as  guinea  pigs,  rats, 
mice,  etc.  During  the  past  year  we  have  had  numerous  opportunities  to 
observe  the  differences  in  immunity  obtained  in  different  human  beings  by 
the  inoculation  of  the  same  sized  dose  of  our  cholera  prophylactic,  by  study- 
ing the  blood  serum  from  individuals  vaccinated  against  Asiatic  cholera. 
These  variations  in  some  instances  have  been  very  decided  and  have  been 
much  greater  than  those  which  have  been  observed  in  series  of  guinea 
pigs  or  of  rabbits,  all  inoculated  with  an  equal  dose.  Hence,  the  limit 
of  value  of  a  method  for  the  immunization  of  man  against  plague  can 
probably  better  be  studied  in  monkeys  than  in  any  of  the  other  lower 
animals.  It  is  particularly  for  this  reason  and  because  of  the  fact  that 
monkeys  suffer  with  forms  of  plague  analogous  to  those  observed  in 
human  beings,  that  they  have  been  extensively  used  in  my  experiments 
in  testing  the  final  value  of  methods  of  pest  inoculation  which  have 
proved  effective  in  the  ordinary  laboratory  animals.  Moreover,  another 
reason  for  the  extensive  use  of  monkeys  has  been  that  it  might  be  argued 
that  the  value  of  a  method  of  immunization  against  plague  in  man  should 
not  be  judged  by  its  action  in  experiments  upon  such  animals  as  guinea 
pigs  and  mice  alone,  an  argument  which  has  already  been  advanced. 

Guinea  pi(js  and  rahhits. — Two  methods  of  infection  were  employed  in 
guinea  pigs,  for  the  purpose  of  testing  their  immunity  following  the 
prophylactic  injections  in  the  various  experiments.  The  first  consisted  of 
the  suspension  of  a  1  H-hour  agar  culture  of  the  strain  "Pest  Virulent" 
in  T)  cubic  cciiti meters  of  ])ouill(m.  Five  large  oesen  of  this  suspension 
were  then  rubbed  over  a  shaved  area  of  the  abdomen  of  the  animal  and 
the  skin  scarifiod  with  a  scalpel.  The  other  method  of  infection  less 
commonly  employed  consisted  of  massaging  over  a  shaved  area  of  the 
abdomen  of  the  guinea  pig  a  portion  of  the  spleen  of  a  second  one  just 
dead  from  aeiite  pest  infecticm  w^ith  the  strain  "Pest  Virulent.'^  By 
either  of  these  methods  the  guinea  pig,  unless  previously  immunized, 
invariably  succumbed  to  acute  infection.     Eabbits  were  only  employed  in 
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certain  of  the  agglutinative  Experiments  and  in  the  preparation  of  aggress- 
in  exudates,  under  which  subjects  the  technique  of  the  inoculations  is 
described. 

In  testing  the  immunity  of  all  tlie  animals  care  was  taken  to  introduce 
the  infection  upon  the  opposite  side  of  the  body  to  tliat  upon  which 
the  vaccination  or  prophylactic  injection  had  first  been  made.  This 
precaution  was  taken  in  order  to  avoid  any  chance  of  obtaining  results 
which  might  have  been  influenced  by  the  presence  of  a  local  immunity 
which  had  developed  in  the  animal,  particularly  in  the  tissues  about  the 
point  where  the  first  inoculation  had  been  made.  Wassermann  and 
Citron^*  have  recently  called  special  attention  to  the  local  development 
of  immune  bodies. 

**  Ztschr.  f.  IJyg.  u.  Infectionskrarikh.,  I^ipz.    (1005),  53,  3,31. 


V.  IMMUNIZATION  OF  ANIMALS. 

1.    WITH   KILLED  PEST  BACILLI. 

Yersin,  Calniette  and  Borrel  ^^  in  1895  first  called  attention  to  the 
fact  that  rahhits,  inoculated  subcutaneously  on  three  or  four  occasions 
with  gelatine  cultures  of  the  pest  bacillus  killed  by  heating  for  one  hour 
at  58°  C,  were  rendered  immune  to  subseijuent  subcutaneous  inoculations 
of  virulent  plague  bacilli.  Guinea  pigs  were  much  more  difficult  to 
immunize,  and  they  rarely  succt^eded  in  thoroughly  protecting  one  of 
these  an i nulls  bv  such  a  method. 

Wyssokowitz  and  Zabolotny  ^  mention  that  monkeys  can  be  immunized  a^inst 
pest  by  the  inoculation  of  killed  cultures  of  the  organism,  although  they  give  no 
details  showing  the  percentage  of  animals  that  were  protected  by  the  use  of 
this  method. 

The  German  Plague  Commission ''  found  that  all  the  monkeys  of  the  species 
Macaoiis  radiaius  which  receivtHl  subcutaneously  one  carefully  killed,  two-day 
culture  of  the  virulent  |)est  organism  were  able  later  to  resist  almost  without 
reaction  the  subcutaneous  injection  of  one  full  oese  of  the  living  culture.  How- 
ever, with  this  same  amount  they  were  not  able  to  immunize  gray  monkeys  of 
the  species  Semnopithcctts  entcllus  against  plague  infection,  and  the  Commission 
did  not  have  time  to  pursue  the  question  further  with  this  species  of  animal. 
However,  they  demonstrated  in  a  series  of  rat  inoculations  that  a  large  per- 
centage of  the  animals  could  be  immunized  with  killed  cultures  of  the  pest 
organism  against  subsequent  subcutaneous  infection,  if  the  dose  was  sufficiently 
large  (2  killed  agar  cultures).  One  agar  culture  did  not  suffice  to  immunize 
the  animal.  The  rats  often  succumbed  from  the  effect  of  the  large  dose  of  the 
primary  inoculation. 

Albrecht  and  Gohn  ^  state  that  they  were  able  to  immunize  guinea  pigs  by 
repeated  doses  of  killed  agar  cultures  of  the  pest  bacillus,  although  the  immunity 
obtained  was  not  great.  In  their  experiments  with  these  animals,  described  in 
their  report,  the  guinea  pigs  all  finally  died  of  j)est  infection. 

Tavel.  Kvunibein  and  (Jlucksniann '^  were  able  to  obtain  immunity  in  some 
instances  in  the  course  of  a  small  number  of  experiments  with  rats,  by  the 
inoculation  of  large  aniountw  of  the  killed  cultures,  but  they  were  unable  in 
many  experiments  to  imniunize  a  single  guinea  pig  even  by  using  repeated 
inoculations  of  the  killed  cultures. 

Beinarowitch  '*  concluded  tliat  the  injection  of  killed  cultures  of  the  pest 
bacillus  conferrcnl  an  iiiinuinity  upon  rmlcnts,  but  that  this  was  verj'  slight,  unless 
the  inoculation  was  re])eated  several  times. 

'M/j«.  d.  rinst.  Pasteur   (ISO;")),  9,  r)«J). 
""  Ibid  (1S97),  11,  007. 
"  Lor.  rit. 

''''Ztschr.  f.  11 11(1.  u.  Infrctionskrankh.,  I^'ipz.   (1902),  40,  239. 
""'Arch.  d.  Sci.  liioloffiqitcft   (1903),  9,  343. 
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The  most  important  and  moHt  convincing  experiments  in  regard  to  the  value 
of  immunization  with  killed  culturen  of  the  plague  bacillus  in  rats  and  guinea 
pigs  have  been  made  by  KoUe  and  Otto/*  In  their  experiments  the  loss  during 
the  process  of  immunization  of  the  rats  with  Haffkine's  prophylactic  was  38.5 
per  cent  and  with  the  killed  agar  cultures  33.3  per  cent. 

I^ter,  on  testing  the  immunity  of  the  animals  remaining  alive,  it  was 
found  that  only  21.9  per  cent  of  those  which  had  been  inoculated  with  the 
kilbnl  agar  cultures,  and  but  22.2  per  cent  of  those  inoculated  with  Haffkine's 
prophylactic,  gave  evidence  of  an  acquired  inununity  by  surviving  the  test. 
Attempts  were  made  to  immiuiize  20  guinea  pigs  with  killed  agar  cultures, 
amounts  as  large  as  from  A  to  1  entire  agar  culture  being  injected  subcutaneously. 
During  the  process  of  inununization  four  of  the  animals  died.  Of  the  remaining 
twenty-two,  only  two  (7.7  per  cent  of  the  whole)  apj)eared  to  be  immune  on 
subsequent  testing.  Hardly  more  favorable  results  were  obtained  in  the  experi- 
ments in  which  killed  lx>uilIon  cultures  were  employed.  Twenty  animals  were 
inoculated  with  HaflTkine's  prophylactic.  Two  of  these  died  from  the  effects  of 
the  immunization  and  of  the  remaining  eighttH»n,  only  two  (10  per  cent)  re- 
mained alive  after  reinoculation  with  the  virulent  organism.  Other  experiments 
on  guinea  pigs  were  also  i)erformed  in  which  repeated  inoculations  were  made 
with  killed  cultures  of  the  plague  organism.  The  animals  were  first  injected 
with  1,  then  with  li  and  finally  with  2  killed  agar  cultures  or  with  1,  li  and  3 
cubic  centimeters  of  Hafl'kine's  prophylactic.  In  the  process  of  immunizing 
twenty  guinea  pigs  by  thewe  methods,  six  of  the  animals  died  from  the  effects 
of  such  large  doses  of  the  killed  bacteria.  The  immunity  of  the  remaining 
fourteen  was  tested  six  weeks  after  the  last  injection  with  the  living  virulent 
plague  bacillus  when  only  one  animal  renuiined  alive  and  proved  to  l)e  inunune. 

Tn  my  own  experiments  the  value  of  inoenlation  with  killed  cultures 
of  the  pefit  baeillus  was  tested  on  monkeys  and  guinea  I>igs. 

ANIMAL    EXPERIMENTS. 

A,  With  mofd'cys. — Tt  seemed  desirable  to  experiment  further  with 
killed  cultures  of  the  i)est  baeillus  for  two  reasons,  first,  to  compare 
the  immunizing  value  of  the  dead  organism  with  that  of  other  methods 
of  inoculation,  such  as  those  of  vaccination,  natural  and  artificial  aggressin 
injections  etc.,  and  second  to  see  whether  sufficiently  good  results  could 
be  obtained  by  CA'periments  on.^Ianila  monkeys  to  warrant  advocating 
the  use  of  this  method  in  man. 

In  Series  5,  ])age  IcS!)  are  given  the  results  of  the  (\\])eriments  on 
eight  monkeys  inoculated  with  killed  bouillon  cultures  (Haffkine's 
method)  in  varying  amounts.  On  testing  the  immunity  of  tlu^e  animals 
by  thrusting  a  syringe  needle  infected  with  virulent  pest  bacilli  beneath 
the  skin,  eleven  davs  after  the  nrimarv  inoculation,  onlv  thnn*  were  found 
to  possess  suflicient  immunity  to  survive  the  infection.  Of  those*  which 
die<l,  one  had  previously  received  'M)  cubic  centinu'ters  and  another  '^0 
cubic  centimeters  of  the  ])ro])hylactic.  From  what  has  been  said  under 
the  discussion  of  the  susee])tibility  of  this  species  of  monkey  to  pest 
infection,  it  will  be  seen  that  the  method  of  testing  the  immunity  of  the 

''Ztschr.  f,  Ihfih  ".  hifntUniskranlh.,  Umj)/.  (1«0;J),  45,  512;   (1904),  48,  399. 
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animals  employed  in  this  series  was  not  severe,  since  in  some  instances, 
monkeys  which  had  not  been  protected  at  all,  survived  such  a  method  of 
infection  (for  an  example  of  this  fact  see  Series  16,  p.  188,  animals  nimi- 
•  bered  1357  and  1358).  However,  it  is  true  that  the  two  control  animals 
inoculated  in  Series  5  died  of  pest  infection.  In  Series  49  (p.  197),  nine 
other  monkeys  were  inoculated  by  the  same  method,  from  10  to  15  cubic 
centimeters  being  injected  in  each  instance.  One  month  after  the 
in(x?ulation,  the  immunity  of  the  animals  was  tested  and  only  two  were 
found  to  resist  the  infection  (numbers  2699  and  2703). 

Because  of  the  superiority  of  the  killed  agar  cultures  over  the  killed 
bouillon  ones,  the  reasons  for  which  have  already  been  pointed  out,  only 
the  former  were  employed  in  the  remainder  of  the  experiments  of  this 
nature. 

Three  monkeys  in  Series  9  (p.  190)  were  inoculated,  each  with  two 
48-hour  killed  agar  cultures  of  the  strain  "Pest  Virulent."  Ten  days 
later,  upon  the  injection  of  2  oesen  of  the  living  virulent  organism,  all 
the  animals  succumbed  to  the  resulting  infection.  The  amount  used  in 
testing  the  immunity  of  these  animals  obviously  was  excessively  large, 
as  was  shown  by  later  experiments;  therefore,  the  series  does  not  repre- 
sent a  fair  test  of  the  value  of  this  method  of  immunization. 

The  experiments  recorded  in  Series  23  (p.  191)  comprise  18  monkeys 
besides  the  control  animals.  The  pest  organisms  in  the  suspension  were 
not  all  killed  by  heating  before  inoculation,  and  hence  no  accurate  con- 
clusions can  be  drawn  from  these  experiments  in  regard  to  the  immunity 
produced  by  the  killed  organism  alone.  The  size  of  the  dose  used  in 
testing  the  immunity  of  the  animals  was  also  not  sufficiently  large.  (See 
remark  under  Series  23.) 

In  Series  25  (p.  192),  twenty  monkeys  were  inoculated  with  from  one 
to  two  48-hour  agar  cultures  of  the  virulent,  killed  organism.  Three  of 
the  animals  succumbed  from  the  effects  of  this  inoculation.  The  immunitv 
of  the  remaining  seventoc^n  was  tested  eighteen  days  after  the  primary 
inoculation,  when  but  four  (23  per  cent)  resisted  the  infection  and 
remained  alive. 

In  Series  48  (p.  195),  fifteen  monkeys  were  inoculated  with  one 
48-hour  agar  slant  of  the  killed  virulent  strain.  One  of  these  animals 
succun)])ed,  its  death  being  api)arently  caused  by  this  inoculation.  The 
immunity  of  the  remaining  fourteen  was  tested  one  month  after  the  first 
injection  when  but  four,  or  28  per  cent,  remained  alive. 

B.  Willi  guinea  piys. — In  Series  50  (p.  197),  fifteen  guinea  pigs  were 
inoculated,  each  with  one  48-hour  agar  culture  of  the  killed  virulent 
organism.  Upon  testing  the  iminiinity  of  these  animals  one  month  later, 
l)ut  four,  or  20  per  cent,  resisted  the  infection  and  remained  alive. 

No  further  attempts  to  imnninize  larger  series  of  guinea  pigs  were 
made  with  killed  cultures  since,  reasoning  from  the  experiments  of  other 
observers  as  well  as  from  my  own,  it  appears  that  it  is  possible  to  immunize 
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only  a  small  percentage  of  these  animals  by  such  a  process.  The  guinea 
pigs  comprising  Series  50  were  inoculated  with  the  killed  agar  cul- 
tures, chiefly  for  the  purpose  of  comparing  this  method  with  the  other 
methods  of  inoculation  which  were  being  tested  at  the  same  time. 

In  all,  fifteen  guinea  pigs  and  seventy-three  monkeys  were  inoculated 
with  killed  cultures  of  the  pest  bacillus;  2G  per  cent  of  the  guinea  pigs 
and  32  per  cent  of  the  ntonkeys  subsequently  proved  to  be  immune. 
However,  if  Series  23  is  excluded  as  it  should  be,  since  probably  both 
killed  and  living  organisms  were  used  in  the  immunization  of  the  animals, 
the  percentage  of  immunity  in  the  remaining  monkeys  is  but  25  per 
cent. 

2.  inoculations  in  animals  with  living  attenuated  cultures 

(vaccination). 

I  have  recently  *^  reviewed  the  literature  regarding  the  early  experi- 
ments made  to  attenuate  virulent  strains  of  the  pest  bacillus  and  of  the 
inoculations  performed  in  animals  with  other  avirulent  strains  of  this 
organism,  and  it  is  not  my  intention  here  to  enter  into  any  lengthy  dis- 
cussion of  this  subject  but  merely  to  mention  these  experiments. 

The  German  Plague  Commission  made  some  attempts  at  attenuating  strains 
of  the  pest  bacillus  for  use  in  immunization,  by  exposing  the  living  cultures 
both  to  a  temperature  of  51°  C.  for  varying  periods  of  time  and  also  to  the 
action  of  carbolic  acid.  These  experiments  resulted  unsuccessfully,  the  organisms 
retaining  their  full  virulence.  Albrecht  and  Gohn*^  and  Yersin  and  Carr6*' 
also  performed  experiments  on  guinea  pigs,  rats  and  monkeys  with  somewhat  at- 
tenuated pest  cultures.  No  extensive  or  convincing  experiments  in  regard  to  the 
value  of  the  living,  attenuated  cultures  in  the  immunization  of  animals  against 
plague  had  apparently  been  undertaken  imtil  Kolle  and  Otto  investigated  this 
subject.  These  authors,  in  numerous  and  careful  experiments  on  rats  and  guinea 
pigs,  showed  that  cultures  of  the  pest  bacillus  so  attenuated  that  they  were  no 
longer  dangerous  to  these  animals  even  in  large  amounts  (2  agar  cultures)  were 
capable  upon  injection  of  giving  rise  in  them  to  a  nuich  higher  iiinnunity  than 
was  produced  by  the  killed  cultures  of  the  organism.  Thus,  in  one  series  of 
fifty-nine  guinea  pigs  whicli  were  immunized  by  a  single  inoculation  of  an 
attenuated  living  culture,  thirteen  died  and  two  were  killed  for  control  purposes. 
On  testing  the  immunity  of  the  remaining  forty-four  from  three  to  eight  months 
after  their  vaccination,  twenty-eight,  or  (13.(5  per  cent,  remained  alive. 

In  another  series  of  thirty-four  guinea  })igs  imnnmized  with  an  attenuated 
pest  culture  (Maassen  V),  of  which  one  died  during  the  process  of  immunization, 
twenty-one  were  reinoculated  with  tlm  virulent  organism  from  cme  to  four  months 
after  their  vaccination,  and  of  this  numlxT,  sixteen  (76  per  cent)  remained 
alive  and  five  died.  Nine  other  guinea  pigs  were  inoculated  with  this  agar 
culture  and  at  the  same  time  witli  plague  immune  serum.  All  proved  to  Ikj 
immune  upon  reinoculation  with  the  virulent  pest  bacillus. 

*^Thi8  Journal  (1900),  1,  182. 
**  Loc,  oit. 

*■  Congress  International  de  M^l.  Section  de  M<kl.  et  Chirug.  Militairea.  Sous 
section  Coloniale  Paris  (1904),  64. 
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ANIMAL  EXPERIMENTS. 

As  with  the  killed  pest  organism,  monkeys  and  guinea  pigs  were 
employed  in  my  experiments  on  animals  with  attenuated  cultures  of  the 
pest  bacillus. 

Experiments  on  the  immunization  of  monkeys  with  the  strain  "Pe^t 
Avirulent/' — Six  monkeys  in  Series  4  (p.  199)  were  inoculated  subcuta- 
neously,  each  with  one  24-hour  agar  culture  of  the  strain  "Pest  Avirulent." 
The  immunity  of  the  animals  was  tested  ten  days  later,  four  being  inocu- 
lated by  thrusting  beneath  the  skin  a  needle  infected  with  virulent  pest 
bacilli  and  two  (numbers  1232  and  1233)  by  lightly  scarifying  the  ab- 
domen with  a  scalpel  infwted  with  this  same  organism.  Since  two  control 
animals  (numbers  128G  and  1287)  also  inoculated  at  this  time  in  the 
latter  way  did  not  die,  the  monkeys  numbers  1232  and  1233  can  not 
necessarily  be  considered  immune.  Three  of  the  four  vaccinated  animals 
wounded  with  the  infwted  nei^dle  survived,  while  but  one  of  four  controls 
inoculate<l  in  the  same  manner  recovered.  The  conditions  encountered 
in  this  series  are  somewhat  analogous  to  those  met  with  in  Series  5 
(p.  189),  where  the  killed  organisms  were  employed. 

Five  monkeys  in  Serit«  11  (p.  200)  were  vaccinated,  each  with  one  24- 
hour  agar  culture  of  ^'Pest  A  virulent"  and  eleven  days  lattT  their  immu- 
nity was  tested  by  the  inoculation  of  2  oesen  of  "Pest  Virulent."  Four  of 
the  animals  dieil  and  one  survived.  The  course  of  the  disease  in  three 
of  those  which  died  was  prolonged  to  twice  the  length  of  that  in  the 
control  animals.  In  two  (numbers  1277  and  1280)  the  blood  serum 
had  evidently  acquired  considerable  anti-infectious  power  against  the 
pest  bacillus:  this  was  presumed  to  be  the  case  from  the  distribution  of 
the  bacteria  at  autopsy  and  from  the  fact  that  in  one  instance  the  heart's 
blood  was  sterile  and  in  the  other  but  six  colonies  of  this  organism 
developed  in  cultures  from  the  heart's  blood.  Hence,  these  animals 
probably  died  rather  from  pest  toxaemia  than  of  septicaemia.  Their  blood 
nuiy  have  acc[uired  considerable  anti-infectious  power  with  but  little  anti- 
toxic action.  01)viously,  the  dose  (2  oi^en)  em])l()yed  in  testing  the 
inuininity  was  exceedingly  large.  This  series  of  experiments  may  be 
companHl  with  Serit^  9  (]).  190),  in  which  the  animals  immunized  with 
dead  bacilli  nil  succumbed  u})()n  reinoculation  with  2  oesen  of  the  virulent 
strain. 

In  Scries  12  (]).  201),  nine  monkeys  were  inoculated  subcutaneously 
with  from  one  to  two  *i  1-hour  agar  cultures  of  the  strain  "Pest  Avirulent.'' 
One  of  the  animals  (number  1299)  died  twelvehoursafter  the  vaccination, 
of  a  strci)t()coccus  and  staj)hylococcus  infection  which  had  existed  prior 
to  the  vaccination.  I'he  immunity  of  the  remaining  eight  was  tested  ten 
(lavs  after  the  vaccination,  either  hv  the  inoculation  of  i  or  of  1  oese  of 
the  strain  "Pest  Virulent."  Four  of  the  animals  remained  alive  and 
well,  and  four  died.  In  those  which  died,  the  course  of  the  infection 
was  greatly  prolonged  beyond  that  in  the  control  monkeys  and  the  pest 
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bacilli  had  not  as  a  rule  invaded  the  circulation  and  other  organs  to 
the  same  extent  as  thev  had  in  the  control  animals. 

Ten  monkeys  in  Series  18  (p.  202)  were  vaccinated,  each  with  two 
agar  cultures  of  the  strain  "Pest  iV virulent."  Seventeen  days  later,  upon 
testing  the  immunity  of  the  animals,  five  died  from  the  infec-tion  and  five 
survived.  Animal  number  1379  evidently  died  of  plague  toxaemia  and 
not  of  septicaemia. 

In  Series  51  (p.  203),  fifteen  monkeys  were  vaccinated  subcutancH^usly 
with  one  or  two  48-hour  cultures  of  the  strain  "P(^t  A  virulent."  The 
immunity  of  the  animals  was  tested  one  month  after  the  vaccination  by 
the  subcutaneous  inoculation  of  two-thirds  of  an  oese  of  the  strain  "Pest 
Virulent."     Eight  of  the  animals  remained  alive  and  seven  died. 

In  all,  forty-four  monkeys  were  vaccinated  with  the  strain  "Pest  Aviru- 
lent"  and  reinoculated  with  the  strain  "Pest  Virulent;''  52  per  cent  of 
these  animals  proved  to  be  immune. 

Experiments  with  the  strain  'Test  AvirulenV  in  guinea  pigs, — Seventy- 
one  guinea  pigs  in  Series  32,  37,  31),  41,  and  40  p.  204  were  inoculated, 
either  intraperitoneal ly  or  subcutaneously,  with  from  1  to  2  agar  cultures 
of  the  strain  "Pest  Avirulent."  Such  large  doses  as  two  48-hour  agar 
cultures,  when  injected  intraperitoneally  into  the  smaller  guinea  pigs 
(150  to  175  grams  in  weight),  frequently  gave  rise  to  the  death  of 
the  animals  from  toxaemia  with,  however,  no  <'vidence  that  a  general 
invasion  by  the  organisms  had  taken  place.  In  only  one  instance  (guinea 
pig  number  1985,  p.  205)  two  colonies  of  "Pest  Avirulent"  developcnl  in 
cultures  made  from  the  heart  at  autopsy.  Even  one  agar  culture  injected 
intraperitoneally  caused  the  death  of  one  small  animal  from  pest  intox- 
ication, the  animal  dying  in  less  than  twenty-four  hours  after  the 
vaccination.  However,  when  the  cultures  were  injected  suhcidaneously , 
even  in  small  guinea  i)igs,  death  never  occurred  from  the  effect  of  the 
vaccination;  this  was  demonstrated  bv  the  inoculation  of  fiftv-one  animals. 
(See  Series  39,  41,  and  4(1,  pp.  208  to  212.)  Five  of  the  entire  number 
of  seventy-one  guinea  pigs  vaccinated  with  this  strain  died  from  the  intra- 
peritoneal vaccinati(m  with  2  agar  cultures,  one  from  the  intraj)eritoneal 
vaccinaticm  with  1  agar  cultun;  and  one  from  an  unknown  cause.  The 
remaining  sixty-four  were  teste(l  one  and  two  months  after  the  vaccination, 
whereupon  forty-six  (72  j)er  cent)  proved  to  be  immune  and  twenty-five 
(38  per  cent)  died.  The  test  of  the  immunity  of  the  animals  was 
sc»vere  and  the  skin  was  well  scarified  in  (uich  instance,  two  j)arallel 
incisions  being  made  through  the  dermis  with  a  scalj)el  and  the  suspensicm 
of  the  virulent  organism  j'ubhed  into  the  incisions.  Every  one  of 
115  control  animals,  which  were  inoculated  in  exactly  the  same  manner 
and  at  the  same  tinu*  as  the  vaccinatinl  animals,  died  of  pest  infection. 
Guinea  pig  number  2087  was  j)regnant  at  the  tinu»  of  it**  vaccination 
and  gave  birth  to  two  lu»althy  young,  seven  days  aft(»r  its  reinoculation. 
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ExpervinerUs  in  the  immunization  of  monkeys  with  the  sttxUn  "Maassen 
Alt," — Four  monkeys  in  Series  17  (p.  212)  were  vaccinated,  three  with 
2  agar  cultures  and  one  with  1  culture  of  the  strain  ^^Maassen  Alt." 
Twenty  days  afterwards  their  immunity  was  tested  by  the  inoculation  of 
I  oese  of  the  strain  "lY^st  Virulent,"  when  all  which  had  been  vaccinated 
with  the  two  cultures  proved  to  be  thoroughly  immune,  while  the  animal 
which  had  received  only  one  culture  ditnl  of  pest.  Every  one  of  ten 
control  (non vaccinated)  monkeys  inoculated  in  the  same  manner  died 
of  the  infection. 

Twelve  monkeys  in  Series  21  (p.  213)  were  vaccinated,  each  either 
with  1  or  2  cultures  of  this  sanie  strain,  "Maassen  Alt.'^  On  testing  their 
immunity  two  weeks  later  by  the  inoculation  of  i  oese  of  the  strain  ^'Pest 
Virulent'^  it  was  found  that  of  the  eight  vaccinated  with  2  cultures, 
two  dijwi  after  a  somewhat  prolonged  infection  and  of  the  four  vaccinated  . 
with  1  culture,  two  also  died,  one  after  a  prolonged  illness.  Therefore, 
the  mortality  in  this  series  was  33.3  per  cent,  66.G  per  cent  of  tlie 
monkeys  having  been  immunized.  Each  of  twelve  control  animals 
inoculated  at  the  same  time  succumbed  to  pest  infection. 

Eighteen  monkeys  in  Series  24  (p.  215)  were  inoculated  with  agar 
cultures  of  this  organism  ("Maassen  Alt"),  one  with  J  a  culture,  and  the 
remainder  with  1  or  2  cultures.  Four  of  these  animals  died  after  the 
vaccination.  It  seems  clear  that  the  animal  numbered  1552  died  from 
the  effects  of  the  vaccination  and  in  the  remaining  three  monkeys,  death 
probably  occurred  both  from  the  same  cause  and  from  that  of  infection 
with  pyogenic  cocci.  Two  weeks  later  on  testing  the  immunity  of  the 
nine  which  were  inoculated  with  2  agar  cultures  and  which  survived 
the  vaccination,  all  but  one  (number  1545)  were  found  to  resist  the 
infection.  This  one  died  of  pest.  On  testing  the  immunity  of  the 
four  animals  which  had  been  inoculated  with  1  culture  and  of  the  one 
which  had  been  given  ^  culture,  all  were  found  to  be  immune.  Hence 
the  entire  mortaJity  in  this  series  was  28  per  cent.  However,  as  a 
number  of  the  control  animals  inoculated  at  this  time  and  in  the  same 
manner  did  not  die,  the  remaining  72  per  cent  of  the  animals  of  this 
series  can  not  be  regarded  as  being  of  necessity  highly  immunized. 

Fifteen  other  monkeys  in  Series  52  (p.  217)  were  inoculated  subcuta- 
neously  each  with  1  agar  culture  of  the  strain  "Maassen  Alt."  One  of  the 
animals  died  thirteen  davs  after  vaccination.  The  cause  of  death  could 
not  be  discovered  at  autopsy.  One  month  after  the  vaccination,  on  testing 
the  immunity  of  the  remaining  fourteen  by  the  subcutaneous  inoculation 
of  J  oese  of  the  strain  "Pest  Virulent,''  seveu  died  and  seven  survived  the 
inoculation. 

In  all,  fortv-nine  monkeys  were  vaccinated  with  the  strain  ^^Maassen. 
Alt;"  of  these,  four  probably  succumbed  from  the  effects  of  the  vaccina- 
tion and  one  from  an  unknown  cause.     On  testing  the  immunity  of  the 
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remaining  forty-four,  thirteen  died  and  thirty-one  (70  per  cent)  were 
found  to  be  immune. 

Experiments  in  the  immunization  of  guinea  jrigs  with  the  strain 
''Maassen  Alt" — Forty-seveii  guinea  pigs  in  Series  33,  35,  40,  and 
47  (pp.  218  to  221)  were  inocuhited  either  intraperitoneally  or  subcuta- 
neously  with  1  agar  culture  of  the  strain  "Maassent  Alt/'  In  the  experi- 
ments in  which  the  inoculation  was  made  intraperitoneally,  a  number 
of  the  animals  died  of  pest  intoxication,  namely,  throe  in  Series  33  and 
one  in  Series  38.  In  three  of  those  instances  the  cultures  made  at  autopsy 
from  the  heart's  blood  of  the  animal  remained  sterile;  in  the  fourth,  no 
cultures  were  taken  from  the  heart.  Two  of  the  animals  died  two  days 
after  the  vaccination  and,  although  in  each  instance  cultures  from  the 
heart  were  sterile,  in  both  cases  cultures  prepared  from  the  abdominal 
cavity  developed  a  rich  growth  of  the  strain  "Maassen  Alt."  The  guinea 
pigs  also  occasionally  died  from  the  subcutaneous  inoculation  of  only  1 
agar  culture  of  the  strain  ^'Maassen  Alt  ;'^  this  was  true  of  one  in  Series  40 
and  one  in  Series  47.  In  both  instances  the  animals  succumbed  within 
twenty-four  hours  after  the  vaccination,  evidently  of  plague-  toxaemia. 
Therefore,  the  strain  "^laassen  Alt"  is  distinctly  more  virulent  and  more 
toxic  than  "Pest  Avirulent."  To  sum  up,»  six  in  all  of  the  forty-seven 
guinea  pigs  died  from  the  effect  of  the  vaccination.  The  immunity  of  the 
remaining  forty-one  was  tested  from  one  to  two  months  after  the  vaccina- 
tion, when  only  five  (12  per  cent)  died  and  thirty-six  (88  per  cent)  were 
shown  to  have  been  thoroughly  inmiunized.  One  hundred  and  fifteen  un- 
vaccinated  control  guinea  pigs  were  tested  in  exactly  the  same  manner 
and  at  the  same  time  as  the  vaccinated  ones.  All  of  the  control  animals 
died  of  pest  infection. 

3.   IMMUNIZATION    WITH    FILTERED   CULTURES    AND   EXTRACTS    (fUEE 

receptors)  of  the  organism. 

The  German  Plague  Commission  (Gaffky,  Pfoiffor,  Sticker,  Dieu- 
donne)  reports  two  oxporimonts  in  the  immunization  of  Macacuji  monkeys 
with  filtered  bouillon  cultures  of  the  jdague  organism. 

A  ten  day's  bouillon  culture  of  the  virulent  bacillus  was  liltcred  throuf^h  a 
Bcrkefcld  filter,  one  portion  of  the  filtrate  was  beate<l  to  ()0°  C  and  another 
mixed  with  0.5  per  cent  carbolic  aci<l  an<l  put  asi<le  for  twenty-four  hours.  One 
of  the  monkeys  was  inoculated  with  5  cubic  centimeters  of  the  first  portion  and 
the  other  with  5  cubic  centimeters  of  the  second.  On  subsequently  testing  the 
immunity  of  these  animals  with  1  oese  of  the  virulent,  living  pest  bacillus,  both 
succumbed  to  the  infection. 

The  Austrian  Plague  Commission  (Albrecht  and  Ciohn)  found  that  a  moderate 
degree  of  immunity  could  be  obtained  in  rats  with  filtered  bouillon  cultures  of 
the  plague  bacillus.  The  iiinnunity  which  resulted  from  the  use  of  the  old 
bouillon  cultures  was  higher  than  that  which  came  from  the  young  ones,  but 
in  neither  instance  did  it  equal  that  which  was  obtained  with  killed  cultures  of 
the  organiBm. 
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KosHel  and  Overbeok  **  also  stated  that  rats  could  sometimes  be  immimized 
with  the  filtrates  of  bouillon  cultures  which  were  killed  by  heating  at  from  56° 
to  60**  C'.,  although  no  details  of  the  exp<Timents  are  given.  Markl  *•  believed  that 
a  soluble  pest  toxin  as  well  as  some  metal)olic  product  was  formed  in  the  filtrate 
of  young  bouillon  cultures  and  of  those  gro>*Ti  at  a  low  temperature,  with  which 
antitoxic  immunity  could  be  obtained  and  an  antitoxic  serum  produced  in 
horses.  The  animals  with  which  he  experimented  certainly  acquired  a  tolerance 
against  the  injection  of  the  filtered  cultures,  but  the  immunity  against  pest 
infection  was  not  tested  in  any  of  them ;  moreover,  Kolle  *•  was  unable  to  produce 
a  serum  of  any  value  with  such  cultures,  although  from  repeated  inoculations 
of  filtrates  of  bouillon  cultures  from  eight  to  ten  weeks  old  he  was  able  to  obtain 
a  serum  of  very  low  agglutinative  and  protective  power.  It  would  appear  from 
these  experiments,  that  the  plague  bacillus  does  not  readily  undergo  autolysis 
and  liljerate  free  antigenetic  receptors  even  in  old  bouillon  cultures. 

Besrodka*'  found  that  a  separation  of  the  pest  endotoxin  from  the  bacilli 
occurred  when  dried  i)est  bacilli,  physiologic  salt  solution  and  normal  serum 
of  the  horse  were  mixed  and  allowed  to  stand  over  night  at  the  temperature  of 
the  ice  box. 

Upon  centrifuging  tliis  mixture  and  separating  the  bacteria,  the  clear  fluid  was 
found  to  contain  most  of  the  pest  toxin.  The  precipitated  bacteria  were  found 
to  liave  lost  their  toxic  action  to  a  great  extent,  but  not  their  immunizing  power. 
Nine  mice  were  each  inoculated  with  0.002  milligram  of  these  bacilli  "atoxique." 
Five  of  the  animals  survived  the  inoculation  and  the  course  of  the  infection  was 
prolonged  in  the  remaining  four.* 

Owing  to  the  succchs  T  had  met  with  in  immunizing  both  man  and 
animals  with  the  free  receptors  obtained  from  the  cholera  spirillum 
by  autolysis,  similar  ex})eriments  were  undertaken  upon  'animals  with 
.the  plague  bacillus. 

In  the  first  experiments,  48-hour  agar  slant  cultures  of  the  virulent 
strain  w(»re  suspended  in  a  small  quantity  of  distilled  water,  heated 
during  one  to  two  hours  at  G0°  C,  and  after  being  placed  for  several 
days  in  the  incubator  at  37°  C,  were  filter(Kl  thrcmgh  a  Berkefeld  candle. 

Jmmunizaiion  of  monkeys  with  the  free  receptors  of  the  plague 
bacillunS. — Experiments  with  such  filtratc\s  are  recorded  in  Series  7-  and 
2{)  pj).  221  to  223.  Nine  monkeys  were  inoculated  subcutaneously  with 
various  amounts  of  the  free  receptors.  Only  two  were  found  to  be  immune 
and  to  survive  the  infection  -when  their  immunity  was  tested  from  t^en  to 
fourteen  days  after  the  first  inoculation.  The  n^ults  of  these  experi- 
ments were  so  unfavorable  that  attempts  to  obtain  the  free  receptors 
in  a  somowliat  different  numner  were  instituted. 

The  further  exj)eriinents  of  this  nature  with  the  free  receptors  of 
the  organism  of  pest  will  be  described  in  tlie  next  section  of  this  paper 
devoted  to  the  subject  of  iinniunizati(m  with  plague  aggressin,  since, 
owing  to  the  work  of  Bail  and  his  associates,  the  term  "aggressin"  has 
now  become  well  established  in  medical  literature. 


u 


Hy(j.  Rund.   (1001),  11,  103. 
*^Ztschr.  f.  Uyg.  u.  Infcctiomkrtmkh.,  Loipz.   (1001),  37,  401. 
*"  Fc'st.sclirift  f.  KolMTt  Kooli  (1003),  352. 
*M/j«.  d.  Vinst.  Pasteur  (1005),  19,  470. 
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4.    IMMUNIZATION   WITH   PLAGUE   AGOKKSSIX. 

Hiieppc  and  Kikiicbi  wore  the  first  to  jKTform  experiments  with 
natural  plague  aggressin  in  animals  and  to  announce  that  a  certain  and 
not  dangerous  method  had  been  discovered  for  immunizaticm  against 
pest.  This  work  has  already  been  rei'erre<l  to  in  the  introduction  to 
this  article.  Their  experiments  were  few  in  number  but  the  authors 
mention  that  it  was  their  intenticm  nierelv  to  call  attention  to  the 
priority  of  the  use  of  this  method  of  immunization  of  animals  against 
plague.  The  guinea  j)igs  which  were  immunizcHl  had  received  several 
inoculations  of  the  aggressin  exudates. 

(«)    IMMUNIZATION   WITH   ARTIFICIAL  AOORESSIN. 

Further  attempts  at  immunization  with  the  free  receptors  of  the 
plague  bacillus  (artificial  plague  aggressin)  were  being  performed  in 
this  lal)oratory  at  the  time  of  the  appearance  of  Ilueppe  and  Kikuchi's 
work,  but  no  very  favorable  results  could  be  obtained.  Aftc^r  the  publica- 
tion of  their  article  the  subject  w^as  investigated  anew,  although  I  had 
already  made  a  preliminary  report  of  the  value  of  immunization  with 
artificial  plague  aggressin  on  March  3,  1906.**  Further  exi)erinients 
made  in  immunization  with  artificial  plague  aggressin  are  given  in  detail 
in  Series  29,  30,  31,  36,  and  42  (pp.  223  to  229),  together  with  the 
method  of  preparation  of  the  extract  of  the  organism.  In  all,  twenty-six 
guinea  pigs  and  thirty-two  monkeys  were  inoculated  with  the  extracts  of 
the  strain  "Pest  Virulent."  Only  thrw  of  the  guinea  pigs  (11  per  cent) 
and  but  four  of  the  monkeys  (12.5  per  cent)  proved  to  1)(»  immune,  when 
the  immunitv  of  the  animals  wa.<  tested  from  two  to  seven  weeks  after 
the  first  inoculation.  These  results  were  so  unfavorable  as  compared 
with  those  in  which  the  living,  attenuated  cultures  of  the  jx^t  organism 
were  used  for  inoculation,  that  this  method  was  not  ])ursued  further,  but 
experiments  with  natural  j>lague  aggressin  were  undertaken  on  guinea 
pigs  for  the  pur])ose  also  of  comi>aring  the  immunizing  powcT  of  this 
substance  with  that  of  the  living  attenuated  organism. 

(6)     IMMUNIZATION    IN    (Jl'INEA    PKJS    WITH    KXCDATKS    FROM    rLACJCEINFECTEI) 

ANIMALS    (NATCRAL   ACJGRKSSIN). 

The  protocols  of  tlie  animals  employed  are  given  in  Series  34  and  13 
(p.  229),  where  the  further  details  in  the  ])reparation  of  the  aggressin 
exudates  are  also  described.  Fifteen  of  the  guinea  pigs  of  Series  35  (p. 
230),  were  inoculated  with  the  exudates  obtained  from  the  aninuils  com- 
prising Series  34,  the  guinea  j)igs  eaiOi  receiving,  intra])eritoneally  froui 
2  to  o  cubic  centimeters  of  the  exudates.  All  survived  the  inoculation  of 
the  aggressin.  Their  immunity  was  tested  with  the  virulent  6rg{inism 
about  two  months  after  the  first  inoculation,  when  all  but  four  (26-(-  per 

**This  Journal  (1906),  1,  501. 
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cent)  succumbed  to  pest  infection.  Twenty-seven  control  animals  were 
also  inoculated  at  the  same  time  in  the  same  manner;  these  all  died  of  pest. 
Twelve  animals  in  Series  44  (p.  23'^)  were  inoculated  with  exudates 
obtained  from  tlie  guinea  pigs  comprising  Series  43.  The  immunity 
of  the  animals  was  tested  about  one  month  after  the  first  inoculation; 
eight  (f)6.6  per  cent)  died  and  four  (33.3  per  cent)  were  found  to 
be  immune. 

5.    IMMUNIZATION   OF  ANIMALS  BY   KLEIN'S  METHOD. 

Only  a  few  guinea  pigs  were  inoculatexl  with  the  prophylactic  prepared 
after  tlie  method  of  Klein  because  it  did  not  seem  clear  that  it  possesj^ed 
any  advantages  over  immunization  with  the  aggressin  exudates,  while  it 
appeared  to  cause  more  local  irritation.  Thirteen  guinea  pigs  in  Series 
54  (p.  232)  and  56  (p.  233)  were  each  inoculated  with  a  portion  of  the 
powder  dissolved  in  2  cubic  centimeters  of  saline  solution  and  obtaine<l 
from  dying  at  46°  to  47°  C.  and  then  triturating  in  a  mortar  the  buboes, 
spleen,  liver  and  lungs  of  guinea  pigs  which  had  died  of  subacute  pest 
infection.  Sloughs  of  the  skin  followed  the  inoculations  in  five  in- 
stances. The  immunity  of  the  animals  was  tested  with  the  virulent 
pest  strain  about  one  month  after  the  first  inoculation,  when  all  but 
four  (30  per  cent)  succumbed  to  pest  infection. 

Klein  does  not  refer  to  a  marked  local  reaction  following  the  injection 
of  his  prophylactic,  and  perhaps  such  a  reaction  was  in  his  experiments 
avoided  ])y  some  details  in  the  manufacture  of  the  prophylactic  not 
emphasized  in  his  preliminary  description  of  its  preparation. 


VI.  SERIES  OF  ANIMAL  INOCULATIONS  EMPLOYED  IN 
TESTING  THE  IMMUNIZING  VALUE  OF  THE 

DIFFERENT  METHODS. 

EXPERIMENTS    DEMONSTRATING    SUSCEPTIBILITY    OF    MONKEYS 

TO    PLAGUE    INFECTION. 

Serik8  1. —  With  monkeys. 

One  48-hour  nfjar  slant  culture  of  '*Pest  Virulent"  was  Huapended  in  5  cubic 
centimeters  of  bouillon.  A  10  cubic  centimeter  syringe  needle  was  dipped  in  such 
a  suspension  and  the  needle  then  thrust  beneath  the  shaved  skin  of  each  animal 
in  the  region  near  the  root  of  the  tail,  pushed  in  full  length  and  then  withdrawn. 


Animal 
No. 


Result. 


Autopsy  and  remarks. 


1222     Dead  in  3  dayfl  .__   Pest  septicsBmia.    B.  prstis  fn>m  heart,  liver  and  .spleen  and  hsemor- 

rhagic  inguinal  glands. 
Pest  septiciemia.    innumerable  pest  bacilli  in  blood  of  heart. 
Pest  septicaemia.    B.  jH-stis  from  heart,  spleen  and  liver. 


1223     Head  in  4  days  ... 


2695 
i2696 


.do 


Dead  in  3|  days  —I  Pest  Hcpticiemia.    B.  i>eMis  from  heart,  spleen  and  liver. 


SEKIE8  2. —  With  iiiojd'eijif. 

One  48-hour  agar  slant  culture  of  "Pest  V'irulent"  (second  transplant  from 
guinea  pig  number  1220)  suspended  in  5  cubic  centimeters  of  bouillon.  One 
cubic  centimeter  of  the  .suspension  equal  to  2  oesen.  Animals  both  inoculated 
subcutaneously  near  root  of  tail  with  1  cubic  centimeter. 


Animal 
No. 


1224 


1225 


Amount 
inoculated. 


Result. 


1  cc.  (=2  oesen)  ,  Dead  in  3 
subcutaneously.       days. 


.do Dead  in  2 

days. 


Autopsy  and  remark.s. 


Pest    septicfl^mia.    Smears    from    the    heart,    spleen. 

ha^morrhagic  glands  and  liver  show  numerous  pest 

bacilli. 
Pest  .septicaniia.    Hjemorrhagic  area  about   point  of 

inoculation.    lAifi    inguinal     glands    swollen     and 

ha'Diorrhagic.    Spleen    swollen.    Innumerable    pest 

bacilli  from  all  organx. 


55670- 


187 


188 
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Series  3. —  With  monkeys  and  (fuinea  pigs. 

One  48-hour  agar  slant  culture  of  "Pest  Virulent"  suspended  in  5  cubic  centi- 
meters of  bouillon.  A  scalpel  was  dipped  several  times  in  such  a  suspension 
and  then  rubbed  over  a  shaved  area  on  the  abdomen,  which  was  also  slightly 
scarified  with  the  knife. 


Animal 
No. 

Result. 

Autopsy  and  remarks. 

Monkey 
1226. 

Monkey 
1227. 

Monkey 
1286. 

Monkey 
1287. 

Dead  in  5 
days. 

Dead  in  4 

days. 
Alive 

do  — 

Found  dead  in  the  morning.  On  microscopical  examination  of 
stained-blood  films  from  heart's  blood,  pest  bacilli  foand  present  in 
very  small  numbers.  Cultures  from  the  heart  developed  colonies 
of  the  pest  bacillus.  A  portion  of  the  spleen  of  this  animal  was  rubbed 
over  the  shaved  abdomen  of  monkey  No.  1244  (see  below). 

Plague  septicaemia.  Heemorrhagic  glands.  Cover  slip  specimens  from 
heart's  blood  reveal  innumerable  pest  bacilli. 

The  abdomen  of  each  animal  was  shaved  over  a  small  area  and  scarified  lightly, 
then  a  portion  of  the  spleen  of  another  animal  which  had  succumbed  to  acute 
pest  infection  was  rubbed  over  this  area. 


Animal  No. 

Abdomen  massaged 
with  spleen  of— 

Renult. 

Autopsy  and  remarks. 

Monkey  1244. 

Guinea    pig 
1170. 

Guinea    pig 
1296. 

Monkey    No.    1226 

(see  above). 
Monkey    No.    1288 

(see  Series  5,  Oct. 

26). 
do 

Alive  and  well. 

Dead    Oct.   30, 
after  5  days. 

do_       

Buboes  and  multiple  necrotic  foci  in 
spleen  and  liver.    Pure  cultures  of 
BaciUtts  pettis  from  the  heart. 

Buboes  and  multiple  necrotic  foci  in 
spleen  and  liver.    Numerous  pest  ba- 
cilli in  smears  from  spleen. 

• 

Series  16. —  With  monkeys. 

On  November  2,  two  48-hour  agar  slant  cultures  of  "Pest  Virulent**  (from 
guinea  pig  number  1296,  second  transplant)  were  suspended  in  10  cubic  centi- 
meters of  bouillon  (5  cubic  centimeters  to  each  tube),  a  10  cubic  centimeter 
syringe  needle  was  dipped  in  this  suspension  and  thrust  beneath  the  skin  of 
monkeys  numbers  1357  to  1360  inclusive.     Monkeys  numbers  1361   to   1364   in- 
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Series  16 — Continued. 


elusive  each  received  subcutaneously  0.5  cubic  centimeter  of  this  same  suspension 
C  equal  to  1  oese  "Pest  Virulent")  and  monkeys  numbered  1365  to  1368  each 
•^ceived  subcutaneously  0.25  cubic  centimeters,  equal  to  i  oese. 


^  No***     How  Inoculated. 


1357 


1858 
1359 

1360 

1361 

1362 

1363 
13&I 
1365 


1366 
1367 
1368 


Stuck  with  10  cc. 
needle  dipped  in 
suspension  "Pest 
Virulent." 

do 

do.— — 


.do 


1  oese  *'Pe8t  Viru- 
lent" subcutane- 
ously. 

do-— 


do 

do 

I  oese  "Pest  Viru- 
lent" subcutane- 
ously. 

do__ 

do 

do— - 


Result. 


Alive  and  well 


do 

Dead    Nov.    7, 

after  5  days. 
Dead    Nov.    9, 

after  V  days. 
Dead    Nov.    6,  , 

after  4  days.     , 

i 
Dead    Nov.    5, 

after  3  days. 

do____ 

do- 

Dead    Nov.    7, 

after  5  days. 

do... 

do 

Dead    Nov.    6, 
after  4  days. 


Remarks  and  autopsy. 


1 


Animal  suffered  a  mild  infection  and  became 
immune,  resisting  the  reinoculation  of  2  whole 
oesen  "Pest  Virulent"  on  Dec.  14. 

Do. 
Innumerable  pest  bacilli  in  smears  from  the 

spleen. 
Innumerable  pest  bacilli  in  smears  from  the 

spleen.    Pest  septicaemia. 
Innumerable  pest  bacilli  in  smears  from  the 

spleen. 


Do. 

Do. 
Do. 
Do. 


Do. 
Do. 
Do. 


EXPERIMENTS    IN    IMMUNIZATION    OF    ANIMAl^    WITH    KILLED 

CULTURES  OF  THE   PEST  BACILLUS. 


Series  5. — Killed  IponilUm  cultures^  with  monkeys. 

The  following  monkeys  were  inoculated  subcuttmeously  near  the  root  of  the 
tail  with  Haffkine's  plague  prophyhu-tic  purchased  by  the  Hureau  of  Health  from 
India.  The  immunity  of  all  the  animals  was  tested  eleven  days  after  the  first 
injection,  in  the  following  manner:  One  24-hour  agar  slant  culture  of  "Pest 
Virulent"  was  suspended  in  5  cubic  centimeters  of  saline  solution;  a  10  cubic 
centimeter  syringe  needle  was  dipped  in  this  suspension  and  then  thrust  beneath 
the  shaved  skin  of  the  animal  on  the  opposite  side  of  the  tail  to  which  the  first 
injection  had  been  made. 
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Series  5 — Continued. 


I  Amount  of 
A  n  i  mal  I  propb  y  1  ac- 


No. 


1234 

1235 
1236 
1287 

1238 


tic  inocu- 
lated. 


5cc. 


5cc_ 
10  cc 
80  cc. 

20  cc 


1239 
1240 
1241 
1288 


20  cc 

10  cc 

30cc.— 
Control. 


1289     Control  ___ 


Renult  after 
infection. 


Autopsy  and  remarks. 


Dead  after  5  days.    Pest  septictemia.    Innumerable  pest  bacilli  in  heart's 

I      blood. 

do Do. 

do Numerous  pest  bacilli  in  smears  from  spleen. 

Dead  after  7  days.    Extensive  hsemorrhages  in  the  mesentery.    Numerous 

pest  tjacilli  in  smears  from  spleen. 
Dead  after  14  days.   Only  one  or  two  bacilli  found  in  smears  from  spleen. 

Innumerable  in  smears  from  large  necrotic  bubo  near 

region  of  left  buttock  (point  of  inoculation)— chronic 

pest. 


Alive 

do__ 

do... 

Dead  after  8i  dayf>. 

Dead  after  7  days. 


I 


Numerous  pest  bacilli  in  smears  from  the  blood  and 

spleen. 
Numerous  i>e8t  bacilli  in  smears  from  spleen. 


Series  9. — KiUetf  agar  cultures  **Pest  Virulent ^^^  with  monkeys. 

Six  48-hoiir  agar  slant  cultures  of  "Pest  Virulent"  (from  guinea  pig  number 
1221,  second  transplant)  suspended  in  6  cubic  centimeters  of  saline  solution  (1 
cubic  centimeter  to  each  tube),  the  whole  mixed  and  heated  for  one  and  one-half 
hours  at  62°  C.  A  culture  taken  proved  the  suspension  to  be  sterile.  The  follow- 
ing animals  were  inoculated  subcutaneously,  each  with  2  cubic  centimeters  (equal 
to  2  agar  slant  cultures)  on  October  18.  On  October  28  the  animals  were  reinoc- 
ulated  subcutaneously  on  the  other  side  of  the  body  with  1  cubic  centimeter  of  a 
suspension  of  a  48-hour  slant  culture  of  living  "Pest  Virulent"  in  5  cubic  cen- 
timeters of  bouillon  (1  cubic  centimeter  equal  to  2  oesen). 


Animal 
No. 


1261 
1263 


Immunized 
October  18. 


2   agar  slant 

cultures. 
do 


-do 


Infected  October  28. 

2    ofsen    "Pest   Virulent" 

subcutaneously. 
do — . 


do 


Result. 


Dead  after 

4  days. 
Dead   after 

3  days. 
do 


CONTROL. 


Autopsy  and  remarks. 


Pest  septicaemia. 

Numerous  pest  bacilli  in 
smears  from  spleen. 

Innumerable  pest  bacilli  in 
smears  from  spleen. 


1322 


2    oesi'u    **Pe.st    Virulent" 
subcut^meouslv. 


Dead   after     Innumerable  pest  bacilli  in 
3  days.        ,      spleen. 
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Series  23. — Killed  and  living  agar  cultures  of  ^^Pest  Virulent"  with  monkeys. 

Twenty-five  48-hour  agar  slant  cultures  of  "Pest  Virulent"  (from  guinea  pig 
number  1496,  second  transplant)  were  suspended  in  25  cubic  centimeters  of 
lK>uillon.  Tlie  suspension  was  placed  in  an  incubator  registering  00°  C.  for  one 
and  one-half  hours.  After  its  removal,  cultures  were  taken,  whicli,  two  days  later, 
developed  colonies  of  pest  bacilli  (three  colonies  to  two  large  loops  of  the  suspen- 
sion.) Evidently,  the  temperature  of  the  very  concentrated  suspension  of  bacilli 
had  not  reached  60°  C,  although  a  thermometer  placed  in  a  test  tube  containing 
l>ouilIon  in  the  incubator  registered  this  temperature  during  the  heating.  With 
this  suspension  containing  killed  and  also  a  moderate  number  of  living  pest  bacilli 
this  series  of  animals  was  inoculated  as  below  on  December  4,  1906.  On  December 
18,  two  weeks  after  the  first  inoculation,  the  animals  which  remained  alive 
were  reinoculated  in  the  following  manner.  Nine  48-hour  agar  slant  cultures  of 
**Pe8t  Virulent"  (from  guinea  pig  number  1516,  second  transplant)  were  suspended 
in  45  cubic  centimeters  of  bouillon,  and  each  animal  was  reinoculated  subcutane- 
ously  on  the  opposite  side  of  the  body  to  that  on  which  the  first  inoculation  was 
made  with  0.2  cubic  centimeter  of  this  suspension,  that  is  with  a  little  less  than  i 
oese  of  "Pest  Virulent." 


Animal 
No. 


1518 


1519 


1520 


1521 
1522 
1523 
1524 
1525 
1526 
1627 


1528 


1529 
1530 
1531 
1532 
1533 

1534 
1535 


InoeulHted  De- 
cember 4  811  bcu- 
taneoiisly  with— 


Infecte<l 

December  18 

with— 


Result. 


Autopsy  and  remarks. 


1      killed      agar   Dead    from    first 

slant  "Pest  Vir-  inoculation 

ulent."  I      Dee.  6,  after  2 

1  days. 


A  few  pt'st  bacilli  in  smears  from 
■    the  spleen. 


.do 


.do 


do 


do.. 

do . 

do- 

do.. 

do.. 

do-. 

do-. 


2  killed  agar 
slants  "Pest 
Virulent." 

do 


do 

do 

do 

do 


Nearly  \  oese 
"Pest  Viru- 
lent." 

do... 

do 

do 

do 

do 

do 


Very   numerous  pest  bacilli  in 
smears  from  spleen. 

Dead  Dee.  20 (Uilture  from  the  spleen  negative. 

Numerous  pest  bacilli  In  .smears 
from  the  bubo.* 


do.. 

I  killed  agar 
slant  "Pest  Vir- 
ulent." 


Alive 

....do 

—  .do 

.-.-do 

-...do 

...do 

Dead    from    first 

I      inoculation 
Dee.  6.  after  2 
days. 
Nearly  \  (yew     Dead  Jan.  4,  after 
"Pest  Vim-        17  days, 
lent."  I 

do I  Alive 

do.. I do 

do I do 

do do 

do !  Dead      Dee.     24. 

!      after  6  days. 
dt) ■  Alive- 


do 


Dead     De<'.     20, 
after  2  days. 


Smears  from  point  of  inoculation 
show  no  bacilli.  Cultures  from 
spleen  show  numerous  pest 
bacilli. 

Numerous  pest  bacilli  in  smears 
from  spleen.  Large  suppurat- 
ing bubo. 


Abscess  at  point  of  inoculation 
containing  pest  bacilli. 

Very    numerous  pest  bacilli  in 
smears  from  spleen.* 


*  It  Lb  pomible  that  tliese  animals  were  suffering  with  a  latent  or  chronic  form  of  pest  at  the  time 
of  the  second  relno<'ulation,  although  they  were  apparently  healthy. 
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Sebies  23 — Continued. 


CONTROLS. 

• 

Animal 
No. 

Inoculated  De- 
cember 4  subcu- 
taneously  with— 

Infected 

December  18 

with- 

Result. 

Autopsy  and  remarks. 

1594 
1595 

^early  i  ocse 
"Pe«t  Viru- 
lent." 

do.- 

Alive  and  well  — 
do 

1596 

do-__ 

do 

1597 

1598 
1599 
1600 

IGOl 
1602 

do 

Dead     Dec.     25. 

Pest    bubo    with    innumerable 

do 

after  7  days. 
do 

bacilli. 

Do. 

Do. 
Pest    bubo    with    innumerable 
bacilli.    Innumerable    bacilli 
in  the  spleen. 

Do. 

Do. 
No  evidence  of  nest  infection. 

■ 

do 

do 

do 

do 

do--^ 

Dead     Dec.     26, 

after  8  days. 
Alive  and  well  — 
Dead  Jan.  3 

do 

1608 

do _ 

1604 

do _ 

1                            ' 
Dead     Deo.     27,  1  Pest  bubo  containing  numerous 

1605 

do.    

after  9  daya 
Alive  and  well  _._ 

pest    bflu^i.    No    or^nisms 
seen  in  a  smear  from  spleen. 

*It  is  possible  that  these  animals  were  suffering  with  a  latent  or  chronic  form  of  pest  at  the  time 
of  the  second  reinoculation,  although  they  were  apparently  healthy. 

The  majority  of  the  monkeys  of  this  series,  including  the  controls,  were  very 
large,  weighing  5,000  grams  and  over,  the  large  animals  having  been  collected 
and  saved  for  inoculation  in  the  same  series.  A  number  of  the  controls,  as  will 
be  seen  from  ffn  examination  of  the  table,  did  not  die,  and  hence  the  exact  value 
of  the  immunization  is  not  shown  by  the  experiments.  In  the  series  of  inocula- 
tions perfornunl  after  this  date,  whenever  the  monkey's  weight  was  over  3,000 
grams,  §  oese  of  "Pest  Virulent"  was  employed  in  testing  the  immunity,  in 
place  of  i  oese.  However,  some  of  the  very  large  monkeys  were  apparently  as 
susceptible  to  pest  infection  as  certain  of  the  small  ones.  The  series  on  the 
other  hand  shows  very  distinctly  an  important  fact,  namely,  that  it  is  not 
possible  to  immunize  all  animals  of  this  species  with  a  single  uniform  dose,  for, 
although  tlie  primary  inoculation  was  so  large  that  it  killed  some  of  the  animals 
of  this  scries,  in  other  instances  it  failed  to  protect  them  against  the  subsequent 
inoculation  of  oven  less  than  i  oese  of  "Pest  Virulent,"  which  amount,  in  even 
.some  of  the  control  animals,  did  not  give  rise  to  a  fatal  infection.  The  animals 
that  suecunil)ed  to  the  first  inoculation  also  demonstrate  the  inefficacy  of  a  single 
heating  in  attenuating  the  pest  bacillus,  the  few  bacilli  remaining  alive  in  the 
suspension  having  retained  their  full  virulence. 

Skries  25. — Killed  agar  cultures  of  '"Pest  Virulent*^  icith  monkeys. 

On  December  8,  twenty-eight  48-hour  agar  slant  cultures  of  "Pest  Virulent" 
(from  guinea  pig  number  If)  14,  second  transplant)  were  suspended  in  2A  cubic 
centimeters  of  O.OHo  saline  solution  (1  cubic  centimeter  to  each  culture)  and  the 
suspension  placed  at  (io"'  ('.  for  one  hour.  Cultures  from  this  suspension  after- 
wards   prove<l    to    Ik»    sterile.     Monkeys    numlx'red    1558    to    1571    inclusive   were 
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Series  25 — Continued. 

inoculated  subcutaneously  each  with  1  cubic  centimeter,  monkeys  numbered  1572 
to  1576  each  with  2  cubic  centimeters  and  number  1577  with  0.8  cubic  centimeter. 
Three  of  the  animals  apparently  succumbed  from  the  effect  of  this  inoculation. 
On  December  26,  eighteen  days  after  the  first  inoculation,  the  animals  were 
reinoculated  in  the  following  manner:  Six  48-hour  agar  slant  cultures  of  "Pest 
Virulent"  (from  guinea  pig  number  1592,  second  transplant)  were  suspended  in 
30  cubic  centimeters  bouillon  (5  cubic  centimeters  to  each  tube).  Each  animal 
was  inoculated  subcutaneously  on  the  opposite  side  of  the  body  to  that  on  which 
the  first  inoculation  was  made  with  0.33  cubic  centimeter,  equal  to  §  oese  "Pest 
Virulent."  Twelve  control  animals  were  also  inoculated  at  tlie  same  time  with 
the  same  amount  of  the  suspension. 


Animal 
No. 

Inoculated  Decem- 
ber 8  fflibcutane- 
oniUy  with— 

Reinoculated 
December  26 
with-  • 

Result. 

Autopsy  and  remarks. 

1      1558 

1     killed     culture 

9  oe«e  "Pest 

Dead   Dec.   28, 

Innumerable     pest    bacilli    in 

1 

"Pest  Virulent." 

Virulent." 

after  2  days. 

smears  from  spleen. 

!      1559 

do 

do_. 

Dead    Jan.    10, 

Chronic    pest.    Very  numerous 
pest   bacilli    in  smears    from 

1 

•  after  15  days. 

! 

1     i5eo 

do._ - 

_.„do___ 

Alive ___ 

spleen. 

1561 

do _. 

do 

Dead    Dec.   28, 
after  2  days. 

Fair  number  of  pest  bacilli  in 
smears  from  the  spleen.    Very 
numerous     about     point     of 
inoculation.    Tissues  (edema- 
tous and  heemorrha^c. 

15G2 

do 

do 

Dead    Dec,   28, 

Numerous  pest  bacilli  in  smears 
from  the  bubo.    Culture  from 

after  2i  days. 

spleen  negative. 

1563 

do 

do._ 

DeHd    Jan.    5, 

Numerous  pest  bacilli  in  smears 
from  spleen.    Large  bubo. 

after  10  days. 

1564 
1565 

do 

do... 

Alive  and  well.. 
Died     of    first 

Nothing  to  suggest  pest  about 
point  of  inoculation  or  in  the 

do 

inoculation. 

spleen.    Smears    from   spleen 

1 

1 

negative. 

1566 

do 

§   oese  "Pest     Dead    Jan.    4, 

Numerous  pest  bacilli  in  smears 

Virulent."          after  9  days. 

from  spleen.    Bubo. 

1667 

do 

do Dead    Dec.    30, 

Few  organisms  in  smears  from 

after  4  days. 

the      spleen.       Innumerable 
about    point    of    inoculation. 

Inten.se  ha*morrhagic  reaction. 

1568 

do 

do 

Dead    Dec.    27, 
after  1  k  days. 

Innumerable   pest  bacilli   from 
point  of  inoculation. 

1569 

do 

do_ 

Dead     Jan.    2, 
after  7  days. 

Few    Imcilli    in    smears    from 
spleen.       Innumerable     from 

bubo. 

1570 

,    ..do 

Dead   Dec.    11, 

Nothing  to  suggest  pest  except 
small    haemorrhages    in     the 

from  primary 

inoculation. 

lungs.    Nothing  suggestive  at 
the  point  of  inoculation.    Cul- 
tures from  the  spleen  negative 
although     large    amount    is 

inoculated. 

1571 

do 

§   oeae  "Pest 
Virulent." 

Alive  and  well.. 

■ 
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Animal 
No. 

Inoculated  Decem- 
ber 8  subcutane- 
ously  with— 

Reinoculated 

December  26 

with— 

Result. 

Autopsy  and  remarks. 

1572 

2    killed    cultures 

Dead    Dec.   24, 

No  evidences  of  pest.    Animal 

"Peat  Virulent." 

from  primary 
inoculation. 

emaciated.    Tissues  softened, 
haemorrhagic     and     necrotic 
near  point  of  infection. 

1573 

do 

I  oese   "Pest 
Virulent." 

Dead    Jan.     6. 

Numerous  pest  bacilli  in  smears 
from  spleen.    Large  suppurat- 

after 11  days. 

ing  bubo. 

1574 

do 

do 

Dead    Jan.    7, 

Numerous  pest  bacilli  in  smears 

after  12  days. 

from  spleen.    Large  bubo. 

1575 

do 

do 

Dead   Dec.   31, 
after  5  days. 

Fair  numbers  of  pest  bacilli  in 
smears  from  the  spleen. 

1576 
1577 

do 

do 

Alive  and  well- 
Dead    Jan.    6, 

Fair  number  of  pest  bacilli  in 

t     killed     culture 

do 

"Pest  Virulent." 

after  11  days. 

smears  from  the  spleen.    Large 
suppurating  bubo. 

C( 

)NTROT.S. 

1613 

1  oese  "Pest 
Virulent." 

Dead   Dec.   30, 
after  4  days. 

Innumerable     pest    bacilli     in 
smears  from  spleen. 

1614 

» 

do 

Dead    Oct.    29. 
after  3  days. 

Do. 

1615 

do 

Dead   Dec.   30, 

Fair  numbers  of  pest  bacilli  in 
smears  from  the  spleen. 

after  4  days. 

1616 

do 

Dead    Dec.   30, 

Innumerable     pest    bacilli    in 

h 

after  4  days. 

smears  from  the  spleen. 

1617 

do 

Dead   Dec.   29, 
after  8  days. 

Do. 

1618 

do 

Dead    Jan.    2. 

Very  numerous  pest  bacilli  in 
smears    from    spleen.        Also 

after  7  days. 

many  post-mortem  bacilli. 

1619 

do 

Dead    Dec.   31. 

Innumerable    pest    bacilli     in 
smears  from  spleen. 

after  5  days. 

1620 

do 

Dead    Dec.   28. 

Few  pest  bacilli  in  smears  from 
spleen.        Innumerable       in 

after  2  days. 

smears  near  point  of  inocula- 

tion.   No  pus  formation  at  this 

point.      The    tisi^ues    hstmor- 

rhagic. 

1621 

do 

do 

Considerable  nnmber  pest  bacilli 
in  smears  from  spleen.    Tissues 

cedematous  and  htemorrhagic 

near  point  of  inoculation  in 

which   pest  bacilli  are   very 

numerous. 

1622 

do 

Dead    Jan.    2, 

Few  pest  bacilli  in  smears  from 
spleen. 

after  7  days. 

1623 

do 

Dead    Jan.    12, 

Numerous  pest  bacilli  in  smears    ! 
from  spleen.    Large  open  bubo 

after  17  days. 

filled  with  pus. 

1624 

do 

Dead     Jan.    4, 

Fair  numbers  of  pest  bacilli  in 
smears  from  the  spleen.    Bubo. 

after  9  days. 
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Sebies  48. — Killed  agar  cultures  of  "Pest  Virulent**  with  monkeys. 


Fifteen  48-hour  agar  cultures  of  the  strain  "Pest  Virulent"  from  guinea  pig 
umber  2583,  second  transplant,  were  suspended  in  15  cubic  centimeters  of  saline 
s^-olution  (1  cubic  centimeter  to  each  culture),  the  entire  suspension  heated  for 
one  hour  and  fifteen  minutes  at  65°  C.  Cultures  taken  from  the  suspension 
"■remained  sterile. 

On  October  27  each  monkey  of  the  series  was  inoculated  subcutaneously  with 
1  cubic  centimeter  of  the  suspension  (equal  to  one  agar  slant  culture).  On 
^!N^ovember  28,  one  month  after  the  inoculations,  the  immunity  of  the  animals 
^vas  tested  by  the  subcutaneous  injection  of  0.33  cubic  centimeter  of  a  suspension 
of  the  strain  "Pest  Virulent"  (five  48-hour  agar  cultures  from  guinea  pig 
number  2865,  second  transplant  in  25  cubic  centimeters  bouillon)  into  the  opposite 
side  of  the  body  to  that  on  which  the  vaccination  was  nnule.  Twenty-five  control 
a.nimals  were  also  inoculated  on  this  date  and  in  the  same  manner.  The  immunity 
of  the  animals  of  this  series  was  tested  on  the  same  date  and  in  the  same  manner 
as  was  that  of  the  animals  comprising  Series  49.  51,  and  52  (pp.  197,  203,  217). 


I  Animal 
i      No. 


2664 

2665 
2666 
2667 

2668 

2669 

2670 

2671 

2672 

2673 

2074 

2075 

2676 
2«77 
2678 


Vaccinated  October 

27  8Ubcutaneou«ly 

with— 


One  Icilled  48-hour 
culture  "PcHt  Vir- 
ulent." 

do 

do 

do 


.do 
-do 
.do 

.do 

.do 

.do 

-do 

do 

.do. 
.do 


Reinoculated 

Noveml>er  28 

with— 


Result. 


Autopsy  and  remarks. 


9  oese  "Pest 
Virulent." 


.do 
.do 
.do 


do 


.do 


Dead     Dec.    2, 
after  4  days. 

Alive  and  well. 

do 

Dead     Dec.    1, 

after  3  days. 
do... 


Not  reinocu-  , 
lated. 

I  oese  "Pest 

Virulent." 

do 


.do 
-do 
do 


do 
-do 


do do 


Dead  Dec.  2, 
after  4  days. 

Dead  Nov.  5,  of 
first  inocula- 
tion. 

Dead  Dee.  3, 
after  5  days. 

Dead  Dec.  1, 
after  3  days. 

Dead  Dec.  3. 
after  5  days 

Dead  Dee.  1, 
after  3  days. 

Dead  Dec.  2. 
after  4  days. 

Alive  and  welL 

do 

Dead  Dee.  1, 
after  3  dayH. 


Few  pest  bacilli  in  smears  from 
spleen.  Numerous  at  point  of 
inoculaticm.    Buboes. 


Innumerable     pest    bacilli     in 

smears  from  spleen. 
Innumerable     pest     bacilli     in 

smears  from  spleen. 
Few  pest  bacilli  in  smears  from 

spleen. 
Careful    post-mortem   does    not 

disclose  cause  of    death.   No 

marked  local  reaction. 
:  Buljoes  and  pe^t  bacilli. 

Do. 

Do. 

Do. 

Innumerable     pest     bacilli     in 
smears  from  spleen. 


Fair  numlKT  of  pest  l^acilli  in 
smears  from  .spleen. 
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DMd    Dec.    3. 

■fUir  4  dsjn. 
IH«cl     l>ec.    t. 

alter  H  diiyA, 
Dead     Der.     1. 

do 

do 


Deul  Dec.  I 
afters  days. 

Dewl  Dec.  '. 
Alter  A  dayi. 


Deiid     Pec.    i. 
Duad    tin.-.    1, 


Dead    Dm. 

sfttrfldayi 
Dead    Drr. 


J 
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Sebibs  49. — Killed  bouiUon  cultures  of  **Pest  Mridentf*^  with  monkeys. 

The  monkeys  of  this  series  were  inoculated  on  October  27,  subcutaneously  near 
the  root  of  the  tail  with  from  10  to  15  cubic  centimeters  of  si.x  weeks*  old 
bouillon  cultures  of  the  virulent  pest  organism  killed  by  heating  for  one  hour 
at  65**  C.  On  November  28,  one  month  after  the  primary  inoculation,  the 
immunity  of  the  animals  was  tested  by  the  subcutaneous  injection  of  §  oese  of 
the  strain  "Pest  Virulent"  ( from  a  48-hour  agar  culture  from  guinea  pig  number 
2865,  second  transplant),  suspended  in  0.33  cubic  centimeter  saline  solution. 
The  animals  were  inoculated  on  the  opposite  side  of  the  body  from  tliat  upon 
which  the  primarj'  inoculation  was  made.  Twenty- five  control  animals,  numbered 
2896  to  2920,  were  also  inoculated  on  this  date  and  in  the  same  manner.  They 
all  died  of  pest  infection.  For  the  details  of  the  autopsie^s  see  Series  48.  The 
immunity  of  the  animals  of  this  series  was  tested  on  the  same  date  and  in  the 
same  manner  as  was  that  of  the  animals  c(miprising  Series  48,  51  and  52,  pp.  195, 
203,  217. 


Animal 
No. 

Inoculated  October 

27  subcutaneoiisly 

with- 

Keinoculated 

November  28 

with— 

2697 
2698 

2700 

2701 

2702 

2703 
27W 

2705 

15  CO.  kille<1  bouil- 
lon culture. 
do 

1  oese   "Pest 

Virulent." 
do 

do 

do 

do 

do__ 

do -- 

do 

10  cc.  killed  bouil- 
lon culture. 
do - 

do- -- 

do__ 

do 

do -_ 

—  -do 

do 

Result. 

Autopsy  and  remarks. 

Dead     Dec.    7, 

Bubo  containing  pest  bacilli. 

after  9  days. 

Dead     Dec.    5, 

Buboes  containing  pest  bacilli. 

after  7  days. 

Alive  and  well  _ 

Dead     Dec.    5. 

Do. 

after  7  days. 

Dead     Dec.    8, 

Do. 

after  10  days. 

Dead     Dec.    3, 

Do. 

after  5  days. 

Alive  and  well  _ 

Dead     Dec.    1, 

Do. 

after  3  days. 

Dead     Dec.    2, 

Do. 

after  4  days. 

Series  50. — Killed  agar  culture  of  ^'Pest  Virulent^*^  mith  guinea  pi(js. 

Fifteen  48-hour  agar  cultures  of  the  strain  **Pest  Virulent"  from  guinea  pig 
number  2583,  second  transplant,  were  suspended  in  15  cubic  centimeters  of  saline 
solution  (1  cubic  centimeter  to  each  culture).  The  entire  suspension  was  heated 
for  one  hour  and  fifteen  minutes  at  05°  C.  Cultures  taken  from  the  suspension 
remained  sterile.     On   ()ctob<'r   27   eacli  guinea   pig  of   tlie  series  was   inoculated 
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Hubcutaneously  with  1  cubic  centimeter  of  the  suspension,  equal  to  1  agar  slant 
culture.  On  November  26,  one  month  after  vaccination,  the  immunity  of  the 
animals  in  each  instance  was  tested  with  the  strain  "Pest  Virulent"  in  exactly 
the  same  manner  as  in  Series  40,  47,  and  54  (pp.  211,  220,  232).  Twenty-five 
control  animals,  numbered  2870  to  2894,  were  inoculated  at  the  same  time  and 
in  the  same  manner,  all  of  which  died  of  acute  plague  infection.  For  the  details 
of  the  protocols  see  Series  46  (p.  211 ). 


Animal 
No. 

1 

1 

Vaccinated  Octo- 
ber 27  subcutane- 
oosly  with — 

Reinoculated 

November  26 

with— 

Result. 

Autopsy  and  remarks. 

2679 

2680 
2681 
'2fig2 

2683 

2684 

2685 

2686 

2687 

2688 

2689 

2690 
2691 

2692 

2698 

One  48-hour  cul- 
ture    killed 
"Pest    Viru- 
lent." 

do_ 

5oe8en  suspen- 
sion of  "Pest 
Virulent" 
rubbed     over 
abdomen. 

do 

Alive  and  well  . 
do 

Numerous     pest     bacilli     in 

smears  from  spleen. 
Large     bubo.    Typical     pest 

spleen. 
Typical  pest  bubo  and  spleen. 

Do. 

Multiple  buboes.    Infarcts  in 

lung  and  spleen. 
Typical  bubo  and  spleen. 

Do. 

Do. 

Do. 

Do. 

Do. 

s 

.:..-do ^... 

do 

do 

do 

do  ._ ._ 

Dead     Dec.    4, 

after  8  days. 
Dead    Dec.  12, 

after  16  days. 
Dead     Dec.    5, 

after  9  days. 
Dead   Deo.   10, 

after  14  days. 
Dead   Dec.    13, 

after  17  days. 
Dead   Dec.    10, 

after  14  days. 
Dead     Dec.    4, 

after  8  days. 
Dead   Dec.   10, 

after  14  days. 
Alive  and  well . 
Dead     Doc.    8, 

after  12  days. 
Dead     Dec.    4, 

after  8  days. 
Dead     Dec.    7, 

after  11  days. 

do 

do 

do -_ 

do 

do 

do. 

do __.. 

do 

do 

do._ 

do 

do.. 

.....do 

do 

do 

do 

do 

do 

do 

do 

...do.      

do 

STUDIES   IN   PLAGUE   IMMUNITY. 


199 


EXrKUIMENTS   IN   THE   IMMUNIZATION   OF   ANIMALS    WITH    LIVING, 
ATTENUATED    CULTURES    (VACCINATION). 

Series  4. — LwcuUUiouH  with  *^Pest  AmrulenV^  in  monkeys. 

Six  24-lioiir  agar  slant  cultures  of  "Pest  Avirulent"  were  suspend^  in  6  cubic 
centimeters  of  bouillon  (1  cubic  centimeter  to  each  culture),  the  whole  mixed 
and  1  cubic  centimeter  of  the  mixed  suspension  injected  subcutaneously  near  the 
root  of  the  tail  of  each  animal  on  October  10.  Ten  days  later  the  immunity  of 
the  animals  was  tested  in  the  following  manner:  A  48-hour  agar  culture  of 
"Pest  Virulent"  (from  guinea  pig  number  1221,  second  transplant)  was  sus- 
pended in  5  cubic  centimeters  of  bouillon  and  animals  numbered  1228  to  1231 
and  controls  numbered  1282  to  1285  were  reinoculated  by  dipping  a  10  cubic 
centimeter  syringe  needle  in  this  suspension  and  then  thrusting  the  needle  beneath 
the  shaven  skin  near  the  root  of  the  tail,  on  the  opposite  side  to  that  upon  which 
the  vaccination  had  been  made.  Animals  numbered  1232  and  1233  and  controls 
numbered  1286  and  1287  were  reinoculated  by  dipping  a  scalpel  several  times  in 
this  same  suspension  and  rubbing  it  over  the  shaveil  abdomen  and  slightly 
scarifying  the  skin  with  the  knife. 


Animal 
No. 

1228 

1229 
1230 

Vaccination 
October  10. 

Reinoculated 
October  20. 

Result. 

Autopsy  and  remarks. 

1  agar  cul- 
ture. 
do 

do 

By  sticking  with 
infected  needle. 

do 

^ do 

Dead   after 
8  days. 

Alive 

do 

Numerous  pest  bacilli  from  the  spleen. 

1231  1          do 

do 

do ' 

12S2 
1233 

do 

do 

By    scarification 
with     infected 
scalpel. 
do 

do 

do 

1 

CONTROLS 

1282 

By  sticking  with 
infected  needle. 
do 

Dead   after 

6  days. 
Dead   after 

8  days. 
Dead   after 

10  dayp. 

Alive 

do 

do 

Innumerable  pest  bacilli  in  smears  from 

heart's  blood  and  spleen. 
Numbers  of  pest  bacilli  in  smears  from 

the  spleen. 
A  few  pest  Imcilli  in  smears  from  the 

spleen.    Very    numerous    in    smears 

from  the  swollen  luemorrhagic  glands. 

1283 

1284 
1285 

do -„- 

do 

1286 

By     searifiCHtion 
with     infected 
scalpel, 
do 

1287 



200 


STRONG. 


Series  11. — InocukUions  with  **PeM  AvirulenV*  in  nunikeyg. 

Ten  24-hour  agar  slant  cultures  ( — 1  per  cent  alkaline  to  phenol  phthaleln)* 
of  the  strain  "Pest  Avirulent"  were  suspended  each  in  1  cubic  centimeter  of  saline 
solution,  the  whole  10  cubic  centimeters  mixed  and  1  cubic  centimeter,  or  about 
1  agar  slant,  injected  into  each  animal  subcutaneously  near  the  root  of  the  tail. 
Eleven  days  later  the  immunity  of  the  animals  was  tested  in  the  following 
manner:  Two  48-hour  agar  cultures  of  "Pest  Virulent"  (monkey  number  1295, 
second  transplant)  were  suspended  each  in  5  cubic  centimeters  of  bouillon,  and 
each  animal  was  relnoculated  subcutaneously  on  the  opposite  side  of  the  body 
with  1  cubic  centimeter  of  this  suspension,  equal  to  2  oesen. 


Animal 
No. 

Vaccination 
October  19. 

Relnoculated 
October  90. 

Result. 

Autopsy  and  remarks. 

1277 

1  agar  cul- 

2 oesen  "Pest 

Dead  Nov.  6 

Smears  from  the  spleen  revealed  only  a  few 

ture. 

Virulent." 

(7  days). 

swollen  bacilli.    In  smears  from  the  heart 
no  organisms  were  found.    In  smears  from 
the  tissues  at  the  point  of  inoculation  the 
organisms  are  numerous.    Cultures  from 
the  heart's  blood  (2  cultures)  negative; 
plenty  of  blood  inoculated. f 

1278 

do 

do 

Alive    and 
well. 

• 

1279 

do 

do 

Dead  Nov.  2 

Innumerable  nest  bacilli  in  smears  from  the 

(3  days). 

spleen. 

1280 

do 

do. 

Dead  Nov.  6 

Smears  from  the  spleen  show  only  a  few 
degenerating    bacilli.    Those    from    the 

(7  days). 

heart  show  no  organisms.    Those  from  the 

bubo   near    point   of   inoculation   show 

numerous  pest  bacilli.    Cultures  from  the 

heart  reveal  6  colonies  only  of  pest  bacilli.f 

1281 

do 

do 

Dead  Nov.  7 
(8  days). 

Very  numerous  pest  bacilli  in  smcan  from 
the  spleen. 

CONTRC 

)LS. 

1325 

None 

2  oesen  "Pest 

Dead  Nov.  2 

Innumerable  pest  bacilli  in  smears  from  the 

Virulent." 

(8  days). 

spleen. 

1326 

do 

do_ 

Dead  Nov.  1 

Innumerable  pest  bacilli  in  smears  from  the 

(2  days). 

spleen.    Culture    from    the    heart=rich 
growth. 

1827 

do 

do_.. 

Dead  Nov.  2 

(3  days). 

Innumerable  pest  bacilli  in  smears  from 
spleen. 

1328 
1329 

do. 

do 

do 

Do. 
Do. 

do 

do 

Dead  Nov.  3 

(4  days). 

*The  growth  of  the  pest  bacilli  on  this  agar  appeared  lighter  than  it  did  on  + 1  per  cent  acid  agar 
which  wa«  used  in  all  the  other  cxperimentK. 

fThe  blood  of  these  animals  has  apparently  acquired  considerable  anti-infectious  power,  if  one 
may  judge  from  the  distribution  of  the  bacilli. 
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Series  12. — Inoculations  with  ^^Pest  AvkrulenV^  in  monkeys. 

Thirteen  24-hour  agar  slant  cultures  of  "Pest  Avirulent"  were  suspended  each 
in  1  cubic  centimeter  of  bouillon,  the  suspensions  were  mixe<l  and  monkeys  num- 
bered 1298  to  1301  inclusive  were  each  inoculated  subcutaneously  with  2  cubic 
centimeters  and  monkeys  numbered  1302  to  1306  inclusive  each  with  1  cubic 
centimeter.  Ten  days  after  the  vaccination  the  immunity  of  each  animal  was 
tested  in  the  following  manner:  Two  agar  slant  48-hour  cultures  of  "Pest 
Virulent"  (from  guinea  pig  number  1324,  second  transplant)  were  each  suspended 
in  5  cubic  centimeters  of  bouillon  and  animals  numbered  1298  and  1300  to  1305, 
and  controls  numbered  1414  to  1422  were  each  inoculated  subcutaneously  with 
0.25  cubic  centimeter  of  this  suspension,  equal  to  i  oese  "Pest  Virulent;"  and 
animal  number  1306,  with  0.5  cubic  centimeter,  equal  to  1  oese. 


Animal 
No. 


1298 


1299 


1300 

laoi 

1302 


1808 

1304 
1306 


Vaccination 
October  25. 


2  agar  slants 
"Pest  Avir- 
ulent" 


-do 


.do 


1306 


do 

1  agar  slant 

"Pest  Avir- 

alent" 
do 


..do 
..do 


Reinoculated 
November  10. 


i  oese  "Pest 
Virulent." 


Result. 


Dead  Nov.  22 
(12  days). 


I  oese  "Pest 
Virulent." 

do 

do 


do 


do — 


.do 


do 


1   oese  "Pest 
Virulent." 


Alive 
well. 

do 

do 


and 


Dead  Nov.  20 
(10  days). 

Dead  Nov.  16 

(6  days). 
Dead  Nov.  17 

(7  days). 


Alive     and 
well. 


Autopsy  and  remarks. 


No  pest  bacilli  in  smears  from  spleen. 
Large  suppurating  bubo  about  point  of 
inoculation  containing  pest  bacilli  and 
many  cocci  and  other  bacilli. 

Found  dead  about  12  hours  after  vacci- 
nation. There  is  a  laige  suppurating 
wound  over  the  abdomen.  Cultures 
from  this  area  developed  colonies  which 
were  later  identified  as  those  of  staphy- 
lococci and  streptococci  and  of  a  colon 
bacillus.  Cultures  from  the  spleen 
show  many  staphylococci.  Cultures 
near  the  point  of  inoculation  show  a 
few  colonies  of  "Pest  Avirulent"  which 
have  evidently  survived. 


No  bacilli  found  in  smears  from  spleen. 
Suppurating  bubo  about  point  of  inocu- 
lation containing  pest  bacilli. 

Very  numerous  pest  bacilli  in  smears 
from  spleen. 

No  organisms  found  in  smears  from 
spleen.  Cultures  from  the  heart,  neg- 
ative. Bubo  at  point  of  inoculation 
comparatively  small.  A  numberof  pest 
bacilli  present. 
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Animal 
No. 

Vaccinated  Octo- 
ber 29  subcutane- 
onsly  with— 

Renoculated 

November  28 

subcutane- 

ongly  with— 

Result. 

Autopsy  and  remark». 

2713 

2714 

2715 

2716 

2717 
2718 
2719 

2720 

One  48-hour  agar 
culture     "Pest 
Avlrulent." 

do 

1  oese    "Pest 
Virulent" 

do 

Dead     Dec.    1. 
after  3  days. 

Dead    Dec.    2, 
after  4  days. 

Dead    Dec.    3, 
after  5  days. 

Dead    Dec.    1, 
after  3  days. 

Alive  and  well . 
do 

Numerous  pest  bacilli  in  smears 
from  spleen. 

Do. 

do 

do 

1 

Bubo  and  numerous  pest  bacilli  in 

smears  from  spleen. 
Numerous  pest  bacilli  in  smears    ' 

from  spleen. 

1 

do 

do 

do- 

do___ 

do 

do 

do 

do 

Dead    Dec.    1, 

after  3  days. 

Alive  and  well  _ 

Numerous  pest  bacilli  in  smeara 
from  spleen. 

do 

do 

Sebies  32. — Ijioculations  ivith  *'Pe8t  Aviruleni*'  in  guinea  pigs. 

May  16:  Twenty-four  48-hour  agar  slant  cultures  of  "Pest  Avirulent"  were 
suspended  in  24  cubic  centimeters  of  saline  solution  (1  cubic  centimeter  to  each 
culture).  Animals  numbered  1976  to  1986,  except  number  1979,  were  each  inoc- 
ulated intraperitoneally  with  2  cubic  centimeters,  equal  to  2  agar  cultures.  The 
guinea  pigs  comprising  this  series  were  small,  averaging  from  150  to  175  grams  in 
weight.  On  July  16,  two  months  after  the  vaccination,  the  animals  which 
remained  alive  were  all  reinoculated  in  the  following  manner:  A  48-hour  agar 
culture  of  "Pest  Virulent"  (from  guinea  pig  number  2174,  second  transplant) 
was  suspended  in  5  cubic  centimeters  of  bouillon  and  5  ocsen  of  this  suspension 
rubbed  over  a  small,  freshly  shaved  area  on  the  abdomen  and  the  skin  scarified 
with  a  knife.  Twenty-five  controls  were  inoculated  in  the  same  manner  and 
served  for  this  series  and  for  the  following  one.     (Series  37). 


Animal 
No. 


1975 


197f. 
1977 
1978 


19«0 


Vaccinated 

intraperitoneally 

May  16  with— 


Two  48-hour  cul- 
turcH  "Pest 
Avirulent." 


.do 
.do 
.do 


.flo. 


Reinoculated 
July  16  with— 


5  oescn  sus- 
pension 
"Pest  Viru- 
lent." 

do 

do 

do 


do 


Alive  and  well 


do 

do 

Dead   July   21, 
after  5  days. 

Alive  and  well . 


Autopsy  and  remarks. 


Numerous  pest  bacilli  in  smears 
from  spleen.  Many  swollen. 
Few  postmortem  bacilli. 
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Series  32 — Continued. 


Animal 
;    No. 

Vaccinated 

intraperitoneally 

May  16  with— 

Reinoculated 
July  16  with— 

Result. 
Not     reinocu- 

Autopsy and  remarks. 

'      1981 

Two  48-hour  cul- 

No  evidence  of  pest  at  the  post- 

tiires   "Pest 

lated;    dead 

mortem    examination.     Perito- 

1 

Avinilent" 

May  19, 3  days 
after     vacci- 
nation. 

neum  hypenemic  but  no  haemor- 
rhages.   In  smears  from  spleen 
no    organisms    seen.      Cultures 
from  spleen  and  heart  negative. 
In  cultures  from  the  abdominal 
cavity  about  10  colonies  devel- 
oped.   Spleen  not  swollen. 

1982 

do 

Not     reinocu- 

No  evidence  of  pest.    Marked  hy- 
pencmla  of  the  abdominal  wall. 

lated;    dead 

! 

1 

May    17,    23 

Culture  from  the  heart  negative. 

hours    after 

Culture    from    the    abdominal 

vaccination. 

cavity,  fair  number  of  pest  bacilli. 

1983 

do. 5   oescn   sus- 

Alive  and  well  _ 

pe  n  8  i  on 

^Test  Vim- 

» 

;     lent." 

1984 

do 

Not     reinocu- 

No evidence  of  pest  infection.    No 

lated;    dead 

hemorrhages     in     abdomen. 

May   17,   less 

Walls  slightly  oedematous.    Cul- 

! 

than  24  hours 

ture   from  the  heart  negative. 

! 

after     vacci- 

From abdominal  cavity  numer- 

1 

1 

nation. 

ous  colonies  of  pest.    1  cc.  of 
the  fluid  present  in  the  abdom- 
inal cavity  was  injected  into  the 
abdomen  of  guinea  pig  No.  1998 
which  remained  alive. 

1965 

do  _ __ 

Not     reinocu- 

No  evidences  of  pest.    Abdominal 
wall   hypersemic.      No  hsemor- 

lated:    dead 

1 
1 

May  22, 6  days 

rhage.    Spleen  not  swollen.    No 

i 

1                    ' 

after     vacci- 

fluid in  abdomen.    In  cover  slip 

1 

1 

1                          1 

nation. 

from  the  spleen  and  abdomen  no 

i 

bacilli  seen.    Culture  from  ab- 

\ 

' 

domen  15  colonies  of  pest  bacilli. 

In  culture  from  heart,  2  colonies. 

19K6   do Not     reinocu- 

Culture  from  heart  negative.    Cul- 

1 

latcd;    dead 

ture  from  the  abdomen,  numer- 

1 

May  20, 4  days 

ous  colonies  with  typical  mor- 

1 

after     vacci- 

phology of  pest  liacillus. 

nation. 
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Sebies  32 — Continued. 


i 

CONTROLS. 

1 

Animal 
No. 

"  1 
2098  i 

2099 

Vaccinated 

intraperitoneally 

May  16  with— 

Reinoculated 
July  16  with— 

Result. 

Autopsy  and  remarka. 

5   oesen  sus- 
pension 
••Pest  Viru- 
lent." 

do 

Dead   July  21, 
after  5  days. 

Dead   Jyly   26, 
after  10  days. 

Dead  July  28, 

after  7  days. 
Dead  July  21, 

after  5  days. 
Dead   July   28, 

after  7  days. 
Dead  July   19, 

after  2k  days. 
Dead  July   26, 

after  10  days. 
Dead  July   20. 

after  4  days. 
Dead   July  '23, 

after  7  days. 
do 

Pest.    Numerous  bacilli  in  smears 
from  the  spleen. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

1 

2100 

do - 

2101 
2102 

do- 

do 

2106 

do 

2104 

2105 

2106 

2107 

2106 
2109 
2110 

1 

_„ do  

,_„_do 

do 

do 

do 

do 

do 

do 

do- 

1      ***« 
i      2111 

do 

Dead   July   20. 

after  4  days. 
Dead   July   24. 

after  8  days. 
Dead  July  '22, 

after  6  days. 
Dead   July   23, 

after  7  days. 
....do 

i 

2112 

2113 

do 

do 

2114 

do 

■      2115 

do 

2116 
2117 
2118 
2119 

do 

' do__. _. 

do 

do 

do 

do .— 

do 

Dead   July   2*2, 

after  6  days. 
do. _- 

1 

2120 

do_    

"      2121 

___    do 

1 
Dead   July   '23, 

after  7  days. 

do-.-- 

1 

•2122 

' do 

i 

STUDIES  IN   PLAQUE  IMMUNITY. 
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Sbrieb  37. — Inoculations  with  *^Pest  Atnirulent**  in  guinea  pigs. 

May  20:  Ten  24-hour  agar  cultures  of  "Pest  Avirulent"  were  suspended  in 
10  cubic  centimeters  of  normal  saline  solution  ( 1  cubic  centimeter  to  each 
culture).  Each  animal  received  1  cubic  centimeter  intraperitoneally.  Some  of 
the  guinea  pigs  of  this  series  did  not  weigli  over  175  grams.  One  of  these 
apparently  succumbed  from  the  effect  of  the  vaccination.  On  July  16,  nearly 
two  months  after  the  vaccination,  the  animals  were  all  reinoculated  with  5  oesen 
of  a  suspension  of  "Pest  Virulent"  (one  48-hour  culture  from  guinea  pig  number 
2174,  second  transplant  in  5  cubic  centimeters  of  bouillon),  rubbed  over  a  freshly 
shaved  area  on  the  alxlomen  which  was  scarified  with  a  scalpel.  These  animals 
were  all  inoculated  in  exactly  the  same  manner  and  on  the  same  day  as  the 
animals  comprising  Series  32,  3.'i  and  38  (pp.  218  and  219).  Twenty-five  control 
animals,  numbers  2098  to  2122,  were  also  inoculated,  all  of  which  died.  The 
details  of  the  autopsies  are  given  in  Series  32   ( p.  206 ) . 


Animal 
No. 


2036 


2037 


2088 


2089 
2040 
2041 
2042 
2(M3 


2044 


Immunized  May 
20  intraperito- 
neally with— 


One  24-hour  cul- 
ture "Pest  Avir- 
ulenf  • 

do 


do 


...do 

...do 

...do 

._..do 

.__-do 


.do 


Reinoculated 
July  16  with— 


5  oesen  suspen- 
8ion  "Pest  Vir- 
ulent" over 
abdomen. 

do 


.do 
.do 
.do 
.do 


5  oesen  8URj)en- 
sion  "Pest  Vir- 
ulent" over 
abdomen. 


Result. 


Died  June  1,  12 
days  after  vac- 
cination. 

Alive  and  well ._- 


Dead  July  26, 
after  10   days. 

Alive  and  well... 

do 

do 

do 

Small  guinea  pig, 
180  grams,  died 
May  21,  less 
than  24  hours 
after  vaccina- 
tion. 


Alive  and  well .._ 


Autopsy  and  remarks. 


No  pest. 


Typical  pest  spleen  and  bubo. 
Numerous  pest  bacilli  in 
smears  from  spleen. 


No  post-mortem  evidence  of 
pest.  No  peritonitis  or 
haemorrhages.  C  u  1 1  u'r  e 
from  the  abdomen  devel- 
oped from  150  to  200  colo- 
nies. Evidently  the  ma- 
jority of  the  organisms  had 
perishtMl.  Culture  from 
heart  sterile. 
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Series  39. — InocukUions  with  **Pest  AvinUerU**  in  fftUmapigs. 

June  10:  Fifteen  24-hour  agar  slant  cultures  of  "Pest  Avirulent"  were  sus- 
pended in  15  cubic  centimeters  of  normal  saline  solution,  and  each  guinea  pig 
was  inoculated  subcutaneously  with  1  cubic  centimeter  of  the  suspension.  On 
August  3,  nearly  two  months  after  the  vaccination,  the  animals  were  all  rein- 
oculated,  5  oesen  of  a  suspension  of  "Pest  Virulent"  (one  48-hour  culture  from 
guinea  pig  number  2204,  second  transplant,  in  5  cubic  centimeters  bouillon) 
being  rubbed  over  a  shaved  area  on  the  abdomen  which  was  scarified  with  a 
knife.  Twenty  control  guinea  pigs  were  also  inoculated  at  the  same  time  and 
in  the  same  manner.  Tliese  animals  also  served  for  controls  for  series  number 
40   (p.  219). 


Animal 
No. 

Inoculated 
subcutane- 
ously June  10  ■ 
with— 

1 

Relnoculated 
August  3  with—   i 

t 

Result. 

Autopsy  and  remarks. 

2075 

2076 
2077 
2078 
2079 

2080 
2081 

2082 

2083 

2084 

2085 

2086 

2087* 

2088 

2089 

One    24-hour 
agar      cul- 
ture   ''Pest 
Avlrulent." 

do 

5  oesen  of  suspen- 
sion   of    "Pest 
Virulent"  rub- 
bed   over    ab- 
domen. 

do 

Dead  Aug.  11,  after  8  days— 

Dead  Aug.  12,  after  9  days.. 
Alive  and  well 

Pest. 

* 

Do. 

Typical  pest  bubo.    In- 
numerable bocillL 

Innumerable  pest  ba- 
cilli in  smears  from 
the  spleen. 
Do. 

Pest. 

Pest.    Tsrpical  spleen, 
containing    necrotic 
foci. 

do 

do 

do- 

do do 

do_._ 

do 

Dead  Aug.  10,  after  7  days.. 

do 

do 

Alive  and  well 

do 

..    .do_ 

Dead  Aug.  8.  after  5  days 

do 

do- - 

Dead  Aug.  11,  after  8  days.. 
Aliveand  well 

do 

do 

do __ 

do 

do 

do 

Dead  Aug.  12,  after  9  days.. 
Alive  and  well 

do 

do 

do- .— 

do 

do 

do. .-_. 

do 

do 

do  . 

do 

do 

Dead  Aug.  14,  after  11  days. 

STUDIES  IN   PLAGUE   IMMUNITY. 
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Sebies  39 — Continued. 


CONTROLS. 


Animal 
No. 


2249 


2250 
2251 
2252 
2253 
2254 
2255 
2256 
2257 
2258 
2259 
2260 
2261 
2262 
226S 
2264 
2265 
2266 
2267 
2268 


Inoculated 

subcutane- 

ouBly  June  10 

with— 


.  Reinoculated 
August  3  with— 


5  oesen  of  suspen- 
sion of  "Pt'St 
Virulent" 
rubbed  over 
abdomen. 

do 


Result. 


Autopsy  and  remarks. 


Dead  Aug.  12,  after  9  days 


..do 
._do 
.-do 
.-do 
.-do 
.-do 
..do 
.-do 
..do 
..do. 
._do 
-do. 
.-do 
-do. 
.-do 
..do 
-do. 
-do 


Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 
Dead  Aug. 

do..-. 

Dead  Aug. 

do.... 

Dead  Aug. 
Dead  Aug. 
Dead  Aug. 


11,  after  8  days-. 

13,  after  10  days  . 

10,  after  7  days.. 

14,  after  11  days-. 
8,  after  5  days.-. 

11,  after  8  days.. 

8,  after  5  days. -. 
14,  after  11  days  . 
11,  after  8  days  .. 
7,  after  4  days  ... 
10,  after  7  days.. 

9,  after  6  days  ... 
13,  after  10  days.. 


11,  after  8  days  _. 


10,  after  7  days-. 
9,  after  6  days  ._. 
13,  after  10  days.. 


Innumerable  pest  ba- 
cilli in  smears  from 
spleen. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


•  Animal  waa  pregnant  at  the  time  of  vaccination  and  gave  birth  to  two  healthy  young  7  days 
after  its  reinoculatlon. 

Series  41. — InocnUitions  with  **Pest  AvirulenV*  in  guinea  pigs. 

June  30:  Twenty -one  24-hour  agar  slant  cultures  of  "Pest  Avirulent"  were 
suspended  in  21  cubic  centimeters  of  saline  solution  and  each  guinea  pig  was 
inoculated  subcutaneously  with  1  cubic  centimeter  of  this  suspension.  On  August 
28,  two  months  after  the  vaccination,  the  animals  were  all  reinoculated  with 
5  oesen  of  a  ^spension  of  "Pest  Virulent"  (two  48-hour  cultures  from  guinea 
pig  number  2315,  second  generation,  in  10  cubic  centimeters  bouillon)  being 
xoibbed  over  a  freshly  shaved  and  scarified  area  on  the  abdomen.  Twenty-five 
control  animals  were  also  inoculated  at  the  same  time  and  in  the  same  manner. 


Animal 
\     No. 


2146 


2147 
2148 


2149 
2150 


Vaccinated 
June  30  subcu- 
taneously 
with— 


Reinoculated 

August  28 

with— 


One  24-hour  :  5  oi'sen  suspen- 
culture,  sion  of  "Pest 
"Pest  Avir-        V  i  r  u  1  e  n  t" 


ulent." 


do 

do 


rubbed  over 

abdomen. 

..-.do -. 

—.do 


Result. 


Alive  and  well 


do 

.....do 


.—.do 
.....do 


Dead  Sept.  4,  after  7  days  .. 
Dead  Sept.  6,  after  9  days  _. 


Alive  and  well . 
do 


Autoptsy  and  remarks. 


Pest. 

Moderate-sized      bubo 

and  abscesses  in  the 

spleen. 


STRONG. 
K  41 — Continued. 


Animal 

Vaeclnalcd 

EelnocuUted 

"XT 

Reault. 

._..™„J 

3151 

3t» 
2US 
SIS7 

2l« 
!1« 

2186 

One    -Jl-hour 
nlenl." 

slim-'l-ffltVlni- 
lent"    nibbed 
over  abdomen. 

do 

do 

....„ 

do 

do- 

do _ 

Jo . 

De»dS»pt.T.anerW<tar«- 

Lute     bubo-    Mlllarj 
HiiCfMlDaplecn. 

Pen  bubo.    Very  few 
bacilli    in    tbe    pn> 
from  lie  bubo. 

Bnbo.    Spleen    «pp«^ 
mat  normal.    Mo 
bacilli  IQ  Bincan. 

Large    bubo.    Abace» 
inthe^teen. 

""To'    " 

"-:--- 

.     -do 

Dewl  Sept.  13.  after  IS  daf>_ 

"      do                 " 

do 

— -do___ 

.„-do.     ..._ 

Dewl9ept,7,  allerlOdfcn- 

Dead  Sept.  7.  after  lOdara.. 

CONTROLS. 

2He 

6  oaen   Hupen- 

aion-PBM  Viru- 
lent      mbbed 

Demi  Bept,  *,  afler  7  dayn  .. 

^leen. 

Do. 
Do. 
Do. 

Do.' 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

D4I 

Do, 

Do: 

Do. 

Dead  Sept,  2,  ofttr  B  days  „ 

HHS 

dn 

Dead  Sept.  i,  at lur  S  days  .. 

M70 

Dead  Sept.  4.  nttei  7  dayi .. 
Dead  h^:pt.  2,  afler  A  da^  .. 
Drtd  Sept,  12,  after  ififlaif.. 
Dead  ScpL  2,  afltr  B  day«  .: 
Di-ad  Sept,  N,  afler  ]1  days.  _ 
Dead  Sept.  ),  afler  7  diija  .. 
lli-ftd  Sept,  B,  atler  9  anyr  . 
Head  Sepi- 2,  after  .^dayB__ 

1S73 
MM 

~; 

do 

do 

do 

itan 



— -do 

asHi 

::::  : 

Dea<l  Sept.  i.  after  .-•  darn  .. 
Head  Sept.  1,  allcr  7  daji  _ . 

—  ,-do_.- 

DeHd  Sept,  6.  afler  a  dnya  - 
Dead  Sept.  H.  afler  11  daya  . 

^ 

. do 

2BM5 



do 

do 

STUDIES  IN   PLAGUE   IMMUNITY. 
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Series  46. — Inoculations  with  *^Pest  AvirulenV^  in  guinea  pigs, 

October  26:  Fifteen  48-hour  agar  slant  cultures  of  the  strain  "Pest  Avirulent" 
were  suspended  ip  16  cubic  centimeters  of  saline  solution  ( 1  cubic  centimeter  to 
each  culture).  Each  guinea  pig  of  the  series  was  inoculated  subcutaneously  with 
1  cubic  centimeter  of  this  suspension.  On  November  26,  one  month  after  the 
vaccination,  the  immunity  of  the  animals  was  tested  in  the  following  manner: 

Five  oesen  of  a  suspension  of  "Pest  Virulent"  (two  48-hour  cultures  from 
guinea  pig  number  2858,  second  transplant  in  10  cubic  centimeters  of  bouillon) 
being  rubbed  over  a  freshly  shaved  but  not  scarified  area  of  the'  alxlomen. 
Twenty-five  control  animals  were  also  inoculated  at  the  same  time  and  in  the 
same  manner.  The  immunity  of  the  animals  of  this  series  was  tested  on  the 
same  date  and  with  exactly  the  same  suspension  as  was  that  of  the  animals 
comprising  Series  47,  50,  and  54.      (See  pp.  220,  197,  and  2.32.) 


Animal 
No. 

Vaccinated 
October  26  sub- 
cutaneously 
with— 

Reinoculated 

Noveml)er  26 

with— 

Result. 

Autopsy  and  remarks. 

2633 

i 

2634 
2635 

2636 
2637 

One    24-hour 
culture 
"Pest  A  vir- 
ulent." 

do 

5  oesen    suspen- 
sion   of    "Pest 
Virulent" 
rubbed     over 
abdomen. 

do           

Dead  Dec.  4,  after  8  days  — 
Alive  and  well 

Typical     pest    buboes 
and  spleen. 

Old  bubo  and  few  ab- 
scesses in  spleen. 

Large     bubo.    Spleen 
contains      few     ab- 
scesses. 

do 

do___ 

Dead  Dec.  8,  after  12  days  __ 
Alive  and  well 

do 

.....do... 

do 

do 

do— 

1      2688 

__do    

do 

do  — : .— . 

2689 
2640 

-do 

.  do 

do - _ 

do    

„ do.- 

do— — 

'      2641 

do 

do 

Dead  Dec.  3,  after  7  days... 
Alive  and  well 

2642 
2643 
2644 
2645 
2646 
2647 

..do 

do — . 

do    

do. 

do - -. 

..do 

do 

do 

do       

..do 

do 

do 

do 

do 

.     do 

.do.- 

do 

• 

( 

CONTROI>J. 

2870 

2871 
2872 
2878 
2874 
2875 
2876 

5    ofsen  suspen- 
sion   of    "Pest 
Virulent" 
nibbed      over 
abdomen. 

do - 

Dead  Doc.  8,  after  7  days... 

Dead  Dec.  1,  after  5  days.. 
Dead  Dec.  8,  after  7  days... 
Dead  Dec.  2,  after  6  days  _  _ 
Dead  Dec.  4,  after  8  days... 
De4id  Dec.  1.  after  5  days- 
Dead  Nov.  30,  after  4  days.- 
Dead  Dec.  2,  after  6  days.— 
Dead  Nov.  30,  after  4  days.. 
Dead  Dec.  5,  after  9  days... 

Typical  bubo.    Numer- 
ous   pest  bacilli    in 
smears  from  spleen. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

do 

do 

do 



do .- 

do 

2877 

do.— - 

2878 



do 

2879 

do 
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Series  46. — Continued. 


CONTRO I -R— Continued. 

4 

Animal 
No. 

Vaccinated 

October  26  sub- 

cutaneonsly 

with— 

• 

Reinoculated 

November  26 

with— 

Result. 

Autopsy  and  remarks. 

2880 

2881 
2882 
2883 
2884 
2885 
2886 
2887 
2888 
2889 
2890 
2891 
2892 
2893 
2894 

5   oesen    nuspen- 
sion    of    "Ptwt 
V  i  r  u  1  e  n  t" 
rubbed      over 
abdomen. 

do ._ 

Dead  Deo.  4,  after  8  days..- 

Dead  Dec.  7,  after  11  daya.*. 

Dead  Nov.  80,  after  4  days.. 

do 

Typical  bubo.    Numer- 

ous   pest    bacilli   in 
smean  from  spleen. 

Do. 

do _.-_ 

Do. 

do__    

Do. 
Do. 
Do. 



! do 

Dead  Dec.  2,  after  6  days... 
Dead  Dec.  1,  after  5  days... 
Dead  Nov.  80,  after  4  days.. 
Dead  Dec.  1,  after  6  days— 
do 

: do 

1        do 

Do. 

do 

Do. 

do 

Da 
Do. 
Do. 
Do. 
Do. 

do 

Dead  Nov.  30,  after  4  days.. 
Dead  Dec.  1,  after  5  days... 
Dead  Nov.  90,  after  4  days.. 

Dead  Dec.  3,  after  7  days 

Dead  Dec.  1,  after  5  days... 
do 

do     

. .....1      do 

do.. 

do 

do 

Series  17. — Inocidaiions  unth  the  strain  ^^Macmen  AW*  in  monkeys. 

November  3;  Six  48-hour  agar  slant  cultures  of  "Maassen  Alt"  were  sus- 
pended in  7  cubic  centimeters  of  bouillon.  Animals  numbered  1369  to  1371 
were  each  inoculated  subcutaneously  with  2  cubic  centimeters  of  this  sus- 
pension which  equals  nearly  2  agar  slants^  and  animal  number  1372  with  1  cubic 
centimeter,  or  nearly  1  agar  slant  of  "Maassen  Alt."  On  November  23,  twenty 
days  after  the  vaccination,  2  agar  slant  cultures  of  "Pest  Virulent"  (from  guinea 
pig  number  1452,  second  transplant)  were  suspended  in  10  cubic  centimeters  of 
bouillon  and  each  animal  was  reinoculated  subcutaneously,  on  the  opposite  side 
of  the  body  to  that  upon  which  previous  inoculation  had  been  performed,  with 
0.25  cubic  .centimeter  of  this  suspension,  which  is  equal  to  I  oese  "Pest  Virulent." 
Eleven  control  animals  were  at  the  same  time  also  inoculated .  subcutaneously 
with  the  same  dose. 


Animal 
No. 


1369 


1370 
1371 
1372 


Vaccinated  Novein-       T„fe^ted  Novom- 


Nearly  2  agar  slants     i  oese  "Pt«t  Viru- 
•Maas-sen  Alt."  lent." 

do do 

do do 

Nearly  1   agar  slant do 

'•Majusscn  Alt."         i 


Result. 

Alive  and  well . 

do 

do 

Dead   Nov.   29. 
after  6  days. 


Autopsy  and  remarks. 


Innumerable  pest  bacilli  in 
smears  from  the  spleen. 
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Series  17 — Continued. 


CONTROLS. 

Animal 
No. 

Vaccinated  Novem- 
ber 8  subcutaneoiifdy 
with— 

Infected  Novem- 
ber 23  with— 

Result. 

Autopsy  and  remarks. 

1484 

i  oese  "Pest  Viru-     Dead   Nov.   28. 

Innumerable  pest  bacilli  in 
smears  from  the  spleen. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

1485 

lent." 
do   

after  5  days, 
.do 

1486 

„ ! do -  ... 

do__ 

1487 

do 

Dead   Nov.   27, 

after  4  days. 
do 

1488 

do 

1489 

do .._. 

do 

1490 

do 

Dead   Nov.   28, 
after  5  days. 

Dead   Nov.  27, 

after  4  days. 
do 

1491 

do 

1492 

do 

1493 

do 

do 

1494 

do 

do 

Series  21. — Inoculations  with  tJie  straiii  ^^Mausften  Alt**  in  rnonkeijs. 

November  14:  Twenty-one  48-hour  agar  slant  cultures  of  "Maassen  Alt"  were 
suspended  in  21  cubic  centimeters  of  bouillon.  Monkeys  numbered  1438  to  1445 
inclusive  each  received  2  cubic  centimeters  subcutaneously,  which  is  equal  to  2  agar 
slant  cultures,  and  monkeys  numbered  1446  to  1449  inclusive,  1  cubic  centimeter 
subcutaneously,  equal  to  1  agar  slant  culture.  On  November  28,  two  weeks 
after  the  vaccination,  the  animals  were  all  reinoculated  in  the  following  manner. 
Two  agar  slant  cultures  of  "Pest  Virulent"  (from  guinea  pig  number  1479, 
second  transplant)  were  suspended  in  10  cubic  centimeters  of  bouillon  and  each 
animal  was  inoculated  subcutaneously  on  the  opposite  side  of  the  body  to  which 
the  vaccination  had  been  made  with  0.25  cubic  centimeter  of  this  suspension, 
equal  to  ^  oese  "Pest  Virulent."  Twelve  control  animals  were  all  inoculated  at 
the  same  time  with  the  same  dose  of  this  suspension,  except  animals  numbered 
1503  and  1504,  which  were  very  large  monkeys  and  which  received  0.33  cubic 
centimeter. 


Animal 
No. 


1488 


1489 


1440 
1441 
1442 


Vacciuated 
November  14 

subcutane- 
ously with— 


2  agar  slant 

cultures. 
do 


.do 
.do 
.do 


Infected 

November  28 

with— 


\  oese   "Pest 

Vinilent." 

do 


Result. 


Alive  and  well . 

Dead     Dec.    5, 
after  7  days. 


.do ._. :  Alive  and  well 

do ' do 

do 


Dead     Dec.    6, 
after  8  days. 


Autopsy  and  remarks. 


Very  few  pest  bacilli  in  smears  from 
the  spleen  and  near  point  of  inocu- 
lation. Tissues  near  point  of  Inocu- 
lation reddened  and  a'dematous. 


A  few  bacilli  in  smears  from  the 
spleen.  Innumerable  in  ulcerating 
bubo  which  also  contains  numerous 
cocci. 


214 


STRONG. 


Series  21 — Continued. 


Animal 
No. 


1443 


1444 
144.5 
1446 

1447 


1448 


1449 


Vaccinated 
November  14 

Bubcutane- 
otuly  with— 


2  agar  slant 
cnltureft. 

do_._ 

do 

1  agar  fUant 
culture. 

do 


do 


.do 


Infected 

November  28 

with— 


i  oeae  "PeBt 
Vinilent" 

do... 

do 

do 


Result. 


Alive  and  well 


.do 
do 
.do 


do 


.do 


.do 


Dead    Dec.    4, 
after  6  days. 


Dead    Dec.  18, 
after  10  days. 


Alive  and  well 


Aatopay  and  reiiuuk». 


Pest  bacilli  fairly  numerous  in  smean 
from  the  spleen.  No  appearance  of 
bubo  about  point  of  Inocnlation 
although  pest  bacilli  af«  namerous 
in  the  tissues  In  this  region. 

A  large  sloughing  abscess  at  the  point 
of  inoculation  in  which  a  fair  num- 
ber of  pest  bacilli  and  streptooocd 
are  present.  Smears  from  spleen 
show  a  few  bacilli. 


CONTROLS. 


1499 
1500 
1501 


1502 
1508 
1504 
1505 
1506 
1507 
1508 
1509 
1510 


i  oese  "Pest 

Virulent." 

do.. 


do 


do 


K  oese   "Pest 

Virulent." 
do 


i  oese   "Pest 

Virulent." 
do 


.do 


Dead  Dec.  2, 
after  4  days. 

Dead  Dec.  8, 
after  5  days. 

Dead  Dec.  1, 
after  3  days. 


.do 


Dead     Dec.    2, 

after  4  days. 
Dead    Dec.    4, 

after  6  days. 
Dead     Dec.    3, 

after  5  days. 
Dead     Dec.    1, 

after  3  days. 
Dead     Dec.    3, 

after  5  days, 
do Dead     Dec.    2, 

after  4  days, 
do do 


Innumerable  pest  bacilli  in   smears 
from  the  spleen. 
l>o. 

No  bacilli  found  in  one  smear  from 
spleen.  At  point  of  inoculation  a 
ha^morrhagic  bubo  is  present  in 
which  numerous  pest  bacilli  are 
present. 

Very  numerous  pest  bacilli  in  smears 
from  spleen. 

Innumerable  pest  bacilli  in  smearK 
from  spleen. 
Do. 

Fairly  numerous  pest  bacilli  in  smears 

from  spleen. 
Numerous  pest  bacilli  in  smean  from 

spleen. 
Fairly  numerous  pest  bacilli  in  smears 

from  spleen. 
Innumerable  pest  bacilli  in  smean 

from  spleen. 
Do. 


Dead     Doc.    6      Very  numerous  pest  bacilli  in  smean 


after  8  dnys. 


from  .spleen. 
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Series  24. — Inoculations  with  the  strain  ^^Maassen  AW*  in  monkeys. 

On  December  4,  thirty-two,  48-hour  agar  slant  cultures  of  '^Maassen  Alt"  were 
suspended  in  32  cubic  centimeters  of  bouillon  (1  cubic  centimeter  to  each  tube). 
Monkeys  numbered  1536  to  1547  inclusive  were  inoculated  subcutaneously  each 
with  2  cubic  centimeters  of  this  suspension,  equal  to  2  agar  cultures ;  monkeys  num- 
bered 1548  to  1552  inclusive  with  1  cubic  centimeter  each  and  monkev  number  1553 
with  a  little  less  than  ^  cubic  centimeter,  equal  to  about  ^  culture.  Four  of  the 
animals  succumbed,  apparently  from  the  result  of  the  vaccination.  On  December 
18  the  surviving  ones  were  all  reinoculated  in  the  following  manner:  A  48-hour 
agar  slant  culture  of  "Pest  Virulent"  (from  guinea  pig  number  1516,  second 
transplant)  was  suspended  in  5  cubic  centimeters  of  bouillon,  and  each  animal 
inoculated  subcutaneously  or\  the  opposite  side  of  the  body  to  that  upon  which 
the  first  inoculation  was  given  with  0.2  cubic  centimeter,  which  equals  a  little  less 
than  i  oese  of  "Pest  Virulent."  Attention  must  be  called  to  the  fact  that  this  series 
was  inoculated  exactly  the  same  as  Series  23.  Among  the  animals  comprising  the 
present  Series  24  there  were  also  a  number  of  large  monkeys.  For  controls,  the 
same  animals  given  as  controls  in  Series  23  (see  p.  101),  numbered  1504  to 
1605,  were  employed,  all  being  inoculated  in  the  same  manner  and  on  the  same 
day.  It  will  be  seen  from  the  table  that  a  number  of  the  controls  did  not  die 
and  hence  conclusions  regarding  the  exact  value  of  the  immunization  in  this 
series  can  not  be  drawn. 


Animal 
No. 


Vaccinated 
December  4 
sabcutane- 
I  ously  with— 


1536 


•1587 


2  agar  slant 
cultures, 
"Maassen 
Alt." 


Infected 

December  18 

with— 


Nearly  )  oo«C" 
Pest  Viru- 
lent." 


Result. 


Dead  Dec. 
7,  3  days 
after  first 
inocula- 
tion.* 


Dead  Dec. 
5,  one  day 
after  first 
inocula- 
tion.* 

Alive  and 
well. 


Autopsy  and  remarks. 


Skin  burned  and  incised  at  point  of  inocu- 
lation revealing  an  abscess  containing 
pus  in  which  numerous  organisms  are 
present.  Smears  from  spleen  are  nega- 
tive. Cultures  from  the  spleen  devel- 
oped one  colony  of  Staphyloroccw  auretis. 
Culture  from  abscess  shows  very  numer- 
ous colonies  of  Slaphylococms  aureus 
and  also  of  "Maassen  Alt." 

Cultures  from  the  point  of  inoculation 
show  few  colonies  of  "Maasscn  Alt"  and 
of  Staphylocomttt  aureus.  Culture  from 
the  spleen  negative. 


*  It  is  not  entirely  clear  that  these  animals  succumbed  to  a  pest  infection  alone.  They  were  evi- 
dently in  poor  health  and  in  three  the  Staphyiococnm  aureus  was  also  isolated.  In  the  case  of 
KnoDkey  number  1662  it  seems  clear,  however,  that  the  animal  really  suciumbed  to  pest  infection, 
^t  must  be  noted  that  animals  nural>ered  1536,  l.'i37  and  1547  die<l  in  a  much  shorter  time  than  one 
>Mroald  expect  from  a  pest  infection  with  an  avinilent  organism. 
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Series  24 — Continued. 


Animal 
No. 

Vaccinated 

December  4 

subcutane- 

ously  with— 

Infected 

December  18 

with— 

Result. 

1539 

2  agar  slant 

Nearly  k  oese 

Alive    and 

cultures. 

"Pest  Viru- 

well. 

"Maassen 

lent." 

Alt." 

1540 
1541 

_  .do 

._do 

.do 

do- 

do 

do 

1542 
1543 
1544 
1545 

do 

do 

do 

do 

do 

do 

do 

do. 

do 

do 

do— 

Dead    Dec. 

21,  after  3 

days. 

1546 

do— 

do 

Alive    and 

well. 

♦1547 

do 

Died    from 

first  inoc- 

ulation 

Dec.     7, 

after     3 

days.  • 

1548 

1   agar  slant 

Nearly  ^  oese 

Alive 

c  ulture, 

"Pest  Viru- 

"Maassen 

lent." 

Alt." 

1549 

1550 

1551 

•1552 

do ._ 

do 

do 

do 

do_ 

do 

do 

.....do 

do 

do 

Died    from 

Arat  inoc- 

ulation 

Dec.     10, 

after    6 

days.  ♦ 

1553 

About  }  agar 

Nearly  ^  oese 

Alive 

slant     cul- 

"Pest Viru- 

ture "Maas- 

lent." 

sen  Alt." 

Autopsy  and  remarks. 


Animal  considerably  emaciated.  No  or- 
ganisms found  in  spleen.  Cultures  and 
smears  from  the  tissues  near  the  point  of 
inoculation  show  numerous  pest  bacilli. 


Skin  burned  and  incised,  revealing  a  small 
abscess  in  which  numerous  pest  bacilli 
("Maassen  Alt")  are  present.  Cultures 
developed  numerous  colonies  of  this  or- 
ganism and  of  StaphffkxxHxut  auretts. 


Nothing  apparently  abnormal  about  the 
point  of  inoculation.  No  abscess  or 
pest  bacil  I  i  seen  in  smears.  In  2  cultures 
from  the  spleen,  one  developed  12  colo- 
nies and  the  other  14  colonies  of  "Maas- 
sen Alt" 


•It  is  not  entirely  clear  that  these  animals  succumbed  to  a  pest  infection  alone.  They  were  evi- 
dently in  poor  health  and  in  three  the  Staphylococcus  aureus  was  also  isolated.  In  the  case  of 
monkey  number  1552  it  seems  clear,  however,  that  the  animal  really  succumbed  to  pest  infection. 
It  must  be  noted  that  animals  numbered  1536,  1537  and  1547  died  in  a  much  shorter  time  than  one 
would  expect  from  a  pest  infection  with  an  avirulent  organism. 
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Series  52. — Inoculations  with  the  strain  ^^Maassen  AW^  in  monkeys. 

Twenty-two  48-hour  agar  slant  cultures  of  the  strain  ''Maassen  Alt"  were 
suspended  in  22  cubic  centimeters  saline  solution  (1  cubic  centimeter  to  each 
culture).  Monkeys  numbered  2721  to  2728  received  subcutaneously  each  2  cubic 
centimeters,  equal  to  2  agar  slant  cultures.  Monkeys  numbered  2729  to  2735 
each  received  1  cubic  centimeter,  equal  to  1  agar  slant  culture.  On  November  28, 
one  month  after  the  vaccination,  the  immunity  of  the  animals  was  tested  by 
the  subcutaneous  injection  of  the  strain  "Pest  Virulent"  in  exactly  the  same 
manner  as  was  the  immunity  of  the  animals  in  Series  48  and  51.  (See  pp.  105 
and  203.)  Twenty-five  control  animals,  numbered  280(5  to  2020,  were  also  inocu- 
lated in  the  same  manner  with  the  same  suspension  and  succumbed  to  acute 
infection.     For  the  details  of  the  protocols  see  Series  48. 


I    Vaccinated 
Animal  October  26  sub- 


No. 


2721 


2722 


2723 


2724 

2725 
2726 
2T27 
2728 

2729 


cutaneoasly 
with— 


2  agar  cul- 
tures strain 
"Maassen 
Alt" 

do 


.do 


.do 


L 


2730 

2731 
2732 
2783 

2731 

2735 


do 

do 

do 

do 


1  agar  cul- 
ture Htrain 
*'Maa88cn 
Alt." 

do 


do 

do 

do 


Infected 

November  28 

with— 


f  oese  strain 
"Pest  Viru- 
lent." 


]  oese  strain 
•Test  Viru- 
lent." 

do 


.do 
.do 
.do 
.do 

.do 


.do 


Result. 


Alive  and  well 


Dead  Nov.  8,  af- 
I      ter    vaccina- 
tion. 


Alive  and  well 


Dead  Dec.  4, 
after  6  days. 

do— 

Alive  and  well . 

do.— 

Dead  Dec.  1, 
after  3  days. 

Alive  and  well . 


.do 
.do 


.do 

do 

.do 

.do 


Dead     Dee.    3. 

after  ft  days. 
Alive  and  well 

-...do - 

Dead     Dee.     3, 

after  ft  <lays. 
Dead     Dec.     1. 

after  3  days, 
do '  Dead     Dec.    2. 

after  2  days. 


Autopsy  and  remarks. 


No  evidence  of  bubo  or  inflammation 
at  point  of  inoculation.  Cover  slips 
no  exee«8  of  leucocytes,  no  bacteria. 
Cultures  from  spleen  and  point  of 
inoculation  negative.  Three  cul- 
tures. Large  amounts  material  in- 
oculated. 


Numerous  pest  bacilli  in  smears  from 

spleen. 
Bubo  with  numerous  pest  bacilli. 


Numerou.s  pest  bacilli  in  smears  from 
spleen. 


'  BuTk).      Numerous     jK'st     baeilli     in 
I      smears  from  spleen. 

Bulx).    Few  pest  bacilli. 

Innumemble   ]*est  l»aeilli   in   smears 

from  spleen. 
Bubo.    Fair   numbers  of  pest  iMcilli 

in  smears  from  spleen. 


St 


^0^^' 


.8 


strain 


t( 


JI<W»*^ 


Alt" 


••  iniP 


i««*I^** 


8«»i«» 


in  "**»**^^  i° 
^^^    \^c\i  ^^^^       ^ftte  ^^^  I    «nVtn»^^*  ^      v^red  ^^^'^ 


in 


left^^^ 


t^o^'  ,%.  satae  T^^^^  ^^iro\  f^^^^  ^ties- 
^act\y 


oi  tb*** 


iftit 


tv 


MWe 
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Sbribb  38. — Inoculation  imth  the  strain  ^^Maassen  AlV^  in  guinea  pign. 

May  20:  Eight  24-agar  slant  cultures  of  "Maassen  Alt"  were  suspended  in  8 
cubic  centimeters  of  normal  saline  solution  (1,  cubic  centimeter  to  each  culture) 
and  each  animal  was  inoculated  intraperitoneally  with  1  cubic  centimeter  of  the 
suspension.  One  animal  succumbed  from  the  efToct  of  the  vaccination.  On  July 
16,  about  two  months  after  the  vaccination,  the  animals  were  all  reinoculated, 
5  oesen  of  the  same  suspension  of  "Pest  Virulent"  employed  in  reinoculating 
Series  32,  33  and  37  being  rubbed  over  a  shaved  and  scarified  area  on  the  abdomen. 
The  same  twenty-five  control  animals,  numbered  2098  to  2122,  employed  in  Series 
32  and  33  (see  pp.  204  and  218),  which  all  died,  answered  for  controls  for 
the  present  series. 


Animal 
No. 

Vaccinated 
May  20,  intra- 
peritoneally 
with- 

Infected 
July  16  with- 

Result. 

Autopsy  and  remarks. 

2045 

One    24-hour 

5    oesen    suspension 

Alive  and  well . 

culture 

of  Teat  Virulent" 

, 

"Maassen 

rubbed  over  abdo- 

Alt" 

men. 

2046 

do 

do 

Dead   July   81, 

Very  few  ]>est  bacilli  in  smears 

after  15  days. 

from     ttie     spleen.     Small 
bubo. 

2017 

do 

.....do. 

Alive  and  well . 

2048 
2049 
2050 

do 

.....do 

do 

Culture  fn)m  heart  and  spleen 
negative.    From   the   abdo- 

 do 

do 

do 

do 

Dead  May  22,  2 

days     after 

vaccination. 

men  about  100  colonies  of 
"Maaasen  Alt." 

2051 

do 

5    oesen    siLspension 

Dead  July  21, 

Fair  number  of  pest  bacilli  and 

of  "Pest  Virulent" 

after  5  days. 

numerous     post-mortem 

rubbed  over  abdo- 

invading bacilli   in   smears 

men. 

from  spleen. 

Series  40. — InoeuJatians  vnth  the  ntrain  ^^Maassen  AW^  in  guinea  pign. 

June  16:  Fifteen  24-agar  slant  cultures  of  "Maassen  Alt"  were  suspended  in 
15  cubic  centimeters  saline  solution,  and  each  guinea  pig  inoculated  subcutane- 
ously  with  1  cubic  centimeter  of  this  suspension.  On  August  3,  nearly  one  and 
one-half  months  after  the  vaccination,  the  animals  were  all  but  one  reinoculated,  5 
oesen  of  a  suspension  of  "Peat  Virulent"  (one  48-hour  culture  from  guinea  pig 
number  2204,  second  transplant,  in  5  cubic  centimeters  bouillon)  being  rubbed  over 
a  shaved  area  on  the  alxlomen  which  was  lightly  scarified  with  a  knife.  It  is  to 
be  noticed  that  these  animals  were  all  inoculated  in  exactly  the  same  manner 
as  those  described  in  Series  39.  The  same  twenty  control  animals,  numbered 
2249  to  2268  (see  p.  209),  which  all  died,  also  served  for  the  present  series. 
66670 5 
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Series  40 — Continued. 


Animal 
No. 

Vaccinated 

subcutaneous- 

ly  June  15 

with— 

Infected  August  3 
with— 

Result. 

Autopsy  and  remarks. 

2125 

One    24-hour 
culture 
"Maassen 
Alt." 

5  oesen  of  suspension 
of  "Pest  Virulent" 
rubbed     over    ab- 
domen. 

Alive  and  well . 

• 

2126 
2127 
2128 

do 

do 

do 

do 

Culture  from  heart  and  spleen 
negative.     Ck)ver  slip  from 

do 

do -. 

do 

Dead  June  16. 

• 

less    than   24 

hoursaftcr 

point  of  inoculation  shows  a 

vaccination. 

few     degenerating    bacilli. 
Animal    evidently    died    of 
plague  toxaemia. 

2129 

do 

5  oesen  of  suspension 
of  "Pest  Virulent" 
rubbed    over    ab- 
domen. 

Alive  and  well . 

• 

2130 
2131 

do 

do 

do 

Few  pest  bacilli  in  smears  from 

do- 

do— 

Dead  Autr.   14. 

after  11  days. 

spleen. 

2182 
2183 

• 

do 

do 

Alive  and  well  - 

Dead  Aug.  12, 

after  9  days. 

Pest. 

do 

do— 

2134 
2135 
2186 
2137 
2188 

do - 

do 

Alive  and  well . 
do.... 

Pest. 

do 

do 

do... 

do 

do 

do 

_-..-do_— ._  . 

do 

do 

do 

Dead   Aug.   13, 

after  10  days. 

2139 

do 

do  

Alive  and  well . 

Series  47. — Inoculations  with  the  strain  ** Maassen  AlV*  in  guinea  pigs. 

October  26:  Fifteen  48-hour  agar  slant  cultures  of  the  strain  ^'Maassen  Alt" 
were  suspended  in  16  cubic  centimeters  of  saline  solution  (1  cubic  centimeter  to 
each 'culture).  Each  guinea  pig  of  the  series  was  inoculated  subcutaneously  with 
1  cubic  centimeter  of  the  suspension  equal  to  1  agar  slant  culture.  On  November 
26,  about  one  month  after  the  vaccination,  the  immunity  of  the  animals  was 
tested  in  the  following  manner: 

Five  oesen  of  a  suspension  of  "Pest  Virulent"  (two  48-hour  cultures  from 
guinea  pig  number  2858,  second  transplant,  in  10  cubic  centimeters  of  bouillon) 
being  rubbed  over  the  freshly  shaved  but  not  scarified  area  of  the  abdomen. 
Twenty-five  control  animals,  numbered  2870  to  2894,  were  also  inoculated  with 
the  virulent  organism  at  the  same  time  and  in  the  same  manner.  All  of  these 
succumbed  to  acute  plague  infection.  For  the  details  of  the  protocols  see 
Series  46   (p.  211). 
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Sebtes  17 — Continued. 


The  imnuinity  of  the  animals  in  this  series  was  tested  in  the  same  manner 
and  with  exactly  the  same  suspension  as  waa  used  for  the  animals  comprising 
Series  46,  50,  and  64.      (See  pp.  211,  197,  and  232.) 


Animal 
No. 


2648 


2^9 
2650 
2651 
2652 
2653 


26.VI 


Vaccinated 

October  26  sub- 

ciitaneouRly 

with— 


One  24-hoar 
agar  cul- 
ture ''Ma- 
amen  Alt." 


do 

do 

. do 

do 

do 


.do 


2655 
'2656 
2657 
2658 
2659 
2660 
2661 
2662 


do 

do 

do 

do 

do 

do 

do 

do 


Infected 

November  26 

with— 


5  oesen  8U8pen- 
alon  of  "Peat 
Virulent"  rub- 
bed over  abdo- 
men. 

do... — . 

do.„ 

do 

do.. — 


5  oesen  suKpen- 
sion  of  "Pest 
Virulent"  rub- 
bed over  abdo- 
men. 

do... - 

do.._. 

do 

do 

do ___. 

do 

do 

do 


Result. 


Alive  and 
well. 


do 

do 

do 

do 

Died  O  c  t. 
27.  1  day 
after  vac- 
cination. 

Alive  and 
well. 


.do.. 
.do-, 
.do., 
.do., 
-do-. 
.do., 
.do.. 
.do.. 


Autopsy  and  remarks. 


No  plague  bacilli  found  in  cover  slips 
from  abdominal  cavity  or  from  point 
of  inoculation.  Some  fluid  had  en- 
tered abdominal  cavity.  Animal 
evidently  died  of  toxaemia. 


EXPERIMENTS  IN  THE  INOCULATION  OF  ANIMALS  WITH  EXTRACTS 

OF   THE  STRAIN  J'PEST   VIRULENT.'' 

Series  7. — Inoculathtis  /;»  monkei/s  vM  extracts  of  the  strain  ^^Pcst    Virulent^^  {free 

recejytors). 

Twenty-one,  48-hour  slant  cultures  of  the  strain  **Pe.st  Virulent"  were  aiis- 
pended  in  21  cubic  centimeters  of  saline  solution.  Tlie  organisms  were  killed 
by  heating  for  one  hour  at  60°  C.  and  the  suspension  placed  in  the  incubator 
at  37°  C.  for  three  days.  At  the  end  of  this  time  it  was  filtered  through  a 
Berkefeld  candle.  The  animals  were  inoculated  subcutaneouslv  with  the  filtrate 
as  shown  below.  Ten  days  later  their  immunity  was  tested  by  sticking  them 
with  a  10  cubic  centimeter  syringe  needle  which  had  been  dipped  in  a  suspension 
of  "Pest  Virulent"  (one  48-hour  agar  slant  "Pest  Virulent^"  guinea  pig  number 
1243,  second  transplant)   suspended  in  5  cubic  centimeters  of  bouillon. 
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Sebies  7 — Continued. 


Animal 
No. 

How  immun- 
ized. 

How  infected. 

Result. 

Autopsy  and  remarks. 

1242 

1245 
1246 
1247 

5  ce.  autoly- 
tic  product 
=  60  mg.  of 
culture. 
_.do 

Stuck      with 
infected  10 
cc.  tyringe 
needle. 

do 

Dead   after 
7  days. 

Dead  after 

6  days. 
Dead   after 

11  days. 
Alive 

Innumerable  pest  t>acilli  in  spleen. 

Pest  septicaemia.    Numerous  organisms  in 

the  heart's  blood. 
Nunfierous  organisms  in  the  spleen. 

do 

do 

4. 8  cc.  autoly- 
tic  product 
=  48  mg.  of 
culture. 

do.. 

CONTROLS. 

1293 

1294 
1295 

Stuck      with 
infected  10 
cc.  syringe 

.  needle. 

do_ 

Dead  after 
4  days. 

Dead   after 
7  days. 

Dead   after 
4  days. 

Smears  from  spleen  and  heart  negative  for 
organisms.  Culture  from  heart,  Staphy- 
lococcus auretut.  Pest  organism  prob- 
ably still  localized  near  point  of  inocu- 
lation. 

No  pest  bacilli  found  in  the  smears  from 
the  spleen.  Very  numerous  in  smears 
from  the  tissues  near  the  point  of  inocu- 
lation. 

Innumerable  pest  bacilli  in  smears  from 
spleen.  Cultures  from  heart  show  B. 
peitig  (pure). 

■ 

do _.. 

Series  26. — Inoculations  in  monkeys  with  extracts  of  the  strain  ^*Pest  VinUenV^ 

(free  receptors). 

On  December  8  sixteen  48-hour  agar  slant  cultures  of  "Pest  Virulent"  (from 
guinea  pig  number  1514,  second  generation)  were  suspended  in  16  cubic  centi- 
meters of  distilled  water,  the  organisms  killed  by  heating  at  60**  C.  for  one  hour 
and  the  suspension  then  placed  in  the  incubator  at  37°  C.  for  four  days.  At  the 
end  of  this  time  it  was  filtered  through  a  Berkefeld  candle.  The  suspension  both 
before  and  after  filtration  was  sterile.  On  December  12  the  animals  of  this 
series  were  inoculated  subcutaneously  with  the  filtrate  as  below.  On  December 
26,  fourteen  days  after  the  first  inoculation,  the  animals  were  infected  in  the 
following  manner:  Six  48-hour  agar  slant  cultures  of  "Pest  Virulent"  (from 
guinea  pig  number  1592,  second  transplant)  were  suspended  in  30  cubic  centi- 
meters of  bouillon  (5  cubic  centimeters  to  each  culture).  Each  animal  was 
inoculated  subcutaneously  on  the  opposite  side  of  the  body  with  0.33  cubic 
centimeters,  equal  to  §  oese,  of  "Pest  Virulent."  Tvi^elve  controls,  numbered  1613 
to  1624,  were  all  inoculated  at  the  same  time  with  the  same  dose.  The  details 
of  the  results  with  the  controls  may  be  seen  in  Table  No.  26.  (See  p.  194.) 
All  of  them  succumbed  to  acute  pest  infection. 
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Series  26 — Ck)ntinued. 


Animal 
No. 

Inoculate  December  12 
subcutaneous!  y  with— 

Reinoculation 

December  26 

with— 

Result. 

Autopsy  and  remarks. 

1583 

15M 
1585 

1586 

1587 

Free  receptors  extracted 
from  5  agar  slant  cul- 
tures "Pest  Virulent." 

do 

I   oese  "Peat 
Virulent. 

do 

Dead  Jan. 
13,     after 
17  days. 

Alive    and 

well. 
Dead    Jan. 

2,  after  7 

days. 
Dead    Dec. 

31,  after  5 

days. 
Dead  Jan.  1, 

a  f  t  e  r     6 

days. 

Few  pest  bacilli  in  smears  from 
spleen.    Innumerable  organ- 
isms in  a  large  bubo  over 
which  the  skin   is  not  yet 
broken. 

Numerous     pest     bacilli     in 
smears  from  spleen. 

Very  numerous  pest  bacilli  in 
smears  from  the  spleen. 

Very  few  pest  bacilli  in  smears 
from  the  spleen.    Organisms 
very    numerous    in    smears 
from  bubo. 

Free  receptors  extracted 
from  2  agar  slant  cul- 
ture "Pest  Virulent." 

Free  receptors  extracted 
from  1  agar  slant  cul- 
ture "Peat  V  indent." 
do 

do 

do 

do 

Series  29. — Inoculatioiis  with  artificial  j)est  aggres»in  in  monkeys  and  guinea  pigs. 

On  January  27,  large  test  tubes  of  agar  were  inoculated  with  first  transplant 
cultures  of  "Pest  Virulent"  from  guinea  pigs  numbered  1700,  1G98,  1697  and  1676, 
all  of  which  animals  died  between  the  23d  to  the  25th  of  January.  The  cultures 
were  placed  at  30°  C.  for  two  days.  The  growth  was  then  suspended  in  distilled 
water,  1  cubic  centimeter  being  used  for  each  culture  containing  about  30  milli- 
grams of  the  growth.  The  whole  was  mixed  and  placed  on  an  electrical  shaking 
machine  for  five  days.  The  suspension  was  then  heated  for  one  and  one-half 
hours  at  a  temperature  of  44°  to  45°  C.  and  5  per  cent  carbolic  acid  added  in 
sufficient  quantity  to  form  a  0.6  per  cent  solution.  After  one  and  one-half  days 
the  suspension  was  thoroughly  centrifuged  for  four  hours  at  a  velocity  of 
4,000  revolutions  per  minute  and  the  clear  fluid  above  pipetted  and  use<l  for 
the  inoculations  on  February  7  as  given  below.  Cultures  showed  this  fluid  to  be 
sterile.  On  February  24  and  25,  nearly  tliree  weeks  after  the  first  inoculation, 
the  animals  were  reinoculated  in  the  following  manner:  In  the  case  of  the  guinea 
pigs,  the  abdomen  of  each  was  freshly  shaved,  the  skin  scarified  with  a  knife, 
and  a  portion  of  the  spleen  of  guinea  pig  number  17()0,  which  had  succumbed 
this  date  to  acute  pest  infection,  was  rublK»d  well  over  the  scarified  area.  Three 
control  guinea  pigs  were  inoculated  in  the  same  numner.  The  monkeys  were 
inoculated  subcutaneously  with  0.33  cubic  centimeter  of  a  suspension  of  "Pest 
Virulent"  (5  cubic  centinu'ters  of  bouillon  to  one  48-hour  agar  slant  culture 
from  guinea  pig  number  17(»4,  second  generation,  ecjual  to  about  §  oc»se. 

fnoculations  in  (juinca  piga. 


Animal 
No. 


17S1 


Inoculated  Feb- 
ruary 7  with— 


1732 


5  cc.  artificial  ag- 
greaain  intra- 
peritoneally. 

do 


Infected  Febrimiv 
24  with— 


Result. 


Abdomen    mas- 

Dead   Mar. 

saged   with   por- 

1. after  5 

tion     of     pest 

days. 

spleen. 

do _ 

do 

Autopsy  and  remarks. 


Typical  bul>ot»s  containing  nu- 
merous pest  bacilli. 


Do. 
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Series  29 — Continued. 


CONTROLS. 

Animal 
No. 

Inoculated  Feb- 
ruary 7  with— 

1 

Infected  February  :      r«-,,u 
24  with—                 Kesuit. 

Autopsy  and  remarks. 

1770 

1771 
1772 

Abdomen    mas- 

Dead   Feb. 

Innumerable    pest    bacilli,   bu- 
boes, etc. 

Do. 

Do. 

saged    with  por- 
tion    of     pest 
spleen. 
do 

27,  after  8 
days. 

Dead    Mar. 

1,  after  5 

days. 
Dead    Mar. 

5,  after  9 

days. 

do 

— ""—  —  —  —  —  "•——•••■——           , 

1 

Inoculations  in  monkeys. 


Animal 
No. 


1733 

1734 
1735 

1736 

1737 

1788 

1739 

1740 


Inoculated  Feb- 
ruary 7  with— 


5  cc.  artificial  ag- 
greasin  subcu- 
taneously. 

do 


do 


.do 


.do 


do 


1741 


1742 


2.5  cc.  artificial 
aggress!  n  sub- 
outaneously. 

do__ 


Infected  Febniary 
25  with- 


Result. 


About  }  oese  "Pest 
Virulent"  subcu- 
taneously. 

do 


do 


.do 


.do 


.do 


.do 


.do 


.do 


.do 


1743  '  1  cc.  artificial  ag- 
gressin  subcu- 
tanooiisly. 

1744    do 


do 


do 


.do 


.do 


Autopsy  and  remarks. 


Dead    Mar. 

2,  after  6 
days. 

Alive  and 

well. 
Dead    Mar. 

1,  after  4 

days. 
Dead    Feb. 

28,  after  8 

days. 
Dead    Mar. 

3.  after  6 
days. 

Dead    Mar. 

1.  after  4 

days. 
Dead    Mar. 

3,  after  6 

days. 
Dead    Feb. 

28,  after  3 

days. 

Dead    Mar. 

1,  after  4 
days. 

Dead    Mar. 

2,  after  h 
days. 

Dead    Mar. 

3,  after  G 
days. 

Dead  Fob. 
28,  aftor  3 
dftv.s. 


Bubo  containing  pus  and  typical 
pest  bacilli. 


Very  numerous  pest  bacilli  in 
smears  from  spleen. 

Innumerable  pest  bacilli  in 
smears  from  spleen. 

Numerous  pest  bacilli  in  smears 
from  spleen. 

Fair  numbers  of  pest  bacilli  in 
smears  from  spleen. 

Numerous  pest  bacilli  in  smears 
from  spleen. 

Smears  from  spleen  negative  for 
pest  bacilli.  Smears  from 
point  of  inoculation  show  in- 
numerable pest  bacilli. 

Innumerable  pest  bacilli  in 
smears  from  spleen. 

CSdema  and  hfemorrhage  about 
point  of  inoculation.  Numer- 
oils  pest  bacilli. 

Numerous  pest  bacilli  in  sm^uv 
from  .spleen. 

Innumerable  pest  bacilli  in 
smears  from  the  spleen. 


STUDIES  IN  PLAQUE  IMMUNITY. 
Sbbies  20 — Ckintinued. 


Mo. 

nurrlwlih- 

lDl«;led  Fubrumry 

aswitb— 

About  1  Ot»0    ■'•'^t 
Vlralsnl"  .obcu- 
wneoujly. 

D«d    Feb. 
M,  BllerS 
d»>-». 

1 

SM.«ltiflcUlAt- 

gnirin  subcu- 

1776 

Dead    Feb 

1,. 

rtn 

K,»fter2 
.la>-«. 
Dc«d    Feb. 
as.  after  3 
day.. 

177S 

do 

do ■-... 

Alive     and 

well. 
D«ad    Feb. 

I78S  ' do  ,. 


Alive 

and 

:      «el! 

1  Dead 

Feb. 

!S,  after  3 

day. 

Dead 

Mar. 

■     days 

Dead 

Feb. 

.  Dead    Feb. 
K,  afler  3 
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Series  30. — Inonilatiojut  with  artificial  pest  aggressin  in  guinea  pigs. 

Febniary  11:  The  animals  of  this  series  were  inoculated  with  Artificial 
Aggressin  I,  details  of  the  preparation  of  which  is  given  in  Series  29.  The 
aggressin  tested  just  before  inoculation  proved  to  be  sterile.  The  animals  were 
reinoculated  on  February'  26  by  the  method  described  for  the  guinea  pigs  in 
Series  29.      (See  p.  223.) 


Animal 
No. 


1753 


1754 


How  inoculated. 


1798 


4.5  cc.  Artificial 
ARgrvssln  I  in- 
traperitoneally 
Feb.  11. 

do 


1799 
1800 


Reinoculated  February  2G. 


Abdomen  shaved  and  scari- 
fied and  massaged  with 
portion  of  Rpleen  of  gui- 
nea pig  No.  1768  which 
died  thiH  day  of  plague. 

do 


Result. 


Dead  Mar. 
1.  after  13 
days. 


Autopsy  and  remarkR. 


TjTpical  pest  buboeR. 


.do Hflemorrhagic     buboes. 

Numerous  pest  bacilli 
I     in  smears. 


CONTROLS. 


Abdomen  shaved  and  scari- 
fied and  massaged  with 
portion  of  spleen  of  gui- 
nea pig  No.  1768  which 
died  this  day  of  plague. 

do _.. 

do  .-„ 


Dead  Mar. 
1,  after  3 
days. 


do 

Dead    Mar. 

2,  after  4 

days. 


Pest    Typical  buboes. 


Do. 
Pest  bacilli  in  smears 
from  spleen. 


Series  31. — Itiocidalions  with  artificial  pest  aggressin  in  guinea  pigs. 

May  1 1 :  Thirty-six  48-hour,  largo,  agar  slant  cultures  *  ( from  second  genera- 
tion, guinea  pig  number  1956)  were  suspended  in  50  cubic  centimeters  of  distilled 
water.  The  suspension  was  then  placed  on  an  electrical  shaking  machine  and 
was  thoroughly  shaken  for  three  days.  On  May  14  it  was  removed  and  cultures 
taken  which  later  developed  a  pure  growth  of  pest  bacilli.  Five  per  cent  carbolic 
acid  was  then  added  in  suflicient  quantity  to  form  a  0.5  per  cent  solution.  The 
suspension  was  then  centrifuged  for  five  hours  at  a  velocity  of  4,000  revolutions 
l)er  minute  and  the  clear  fluid  above,  pipetted  from  the  bacterial  sediment. 
Cultures  from  this  fluid  remained  sterile.  The  animals  were  inoculated  as  below. 
On  June  11,  one  month  after  the  first  injection,  the  immunity  of  the  animals 
was  tested  in  the  following  manner:  One  48-hour  agar  slant  culture  of  "Pest 
Virulent"  (from  guinea  pig  numl)er  20G7,  second  transplant)  was  suspended  in 
5  cubic  centimeters  of  bouillon,  and  5  oesen  of  this  suspension  then  rubbed  over 


*  The  culture  tubes  designated  in  these  experiments  as  "large"  oontain  a 
surface  of  agar  of  more  than  twice  the  area  of  that  in  the  tubes  ordinarily 
employed  in  bacteriological  work. 
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Sebies  31 — Continued. 

a  shaved  area  on  the  abdomen  and  the  skin   lightly  scarified  with   a  scalpel. 
Five  control  animals  were  all  inoculated  in  the  same  manner. 


Animal 
No. 

Inoculated  May 
14  with— 

Reinoculated 
June  11  with— 

Result. 

Autopsy  and  remarks 

1969 

1970 

1971 

1972 
1973 
1974 

5  cc.  Artiflcial 
Agin«s8in   II 
intraperito- 
neally. 
do 

5oe8en  suspen- 
sion of  "Pest 
Virulent." 

do _. 

Dead  June  16, 
after  5  days. 

•Dead  June  18, 
after  7  days. 

do 

Innumerable  pest  bacilli  in  smears 
from  spleen. 

Numerous  pest  and  post-mortem 
invading  bacilli  in  smears  from 
spleen. 

Numerous  pest  bacilli  in  smears 
from  spleen. 
Do. 

Pest  bubo.    Numerous  pest  bacilli 
in  smears  from  spleen. 

do 

do-_- _ 

do 

do 

do 

_„._do 

do 

Alive  and  well  _ 

Dead  June  21, 

alter  9  days. 

do 

do 

CONTROT^. 

2098 
2094 

2096 

2096 
2097 

5  oesen  suspen- 
sion of  "Pest 
Virulent." 

do 

Dead  June  16, 
after  5  days. 

Dead  June  18, 
after  7  days. 

Dead  June  16, 

after  5  days. 
do 

Pest. 

Numerous  pest  bacilli  in  smears 
from  spleen.  Htemorrhagic 
buboes. 

Pest. 

Do. 
Numerous  pest  bacilli  in  smears 
from  spleen. 

do 

do 

do 

Dead  June  18, 
after  7  days. 

Series  36. — Inocnlatiofis  irith  artificial  peM  aggressin  in  guinea  pigs. 

May    16:  Sixty-seven   48-hour   large  agar   slant   cultures   of   "Pest   Virulent" 
(from  guinea  pig  number  1958,  second  generation)    were  suspended  in  67  cubic 
centimeters  distilled  water.     The  susjwnsion  was  then  placed  in  a  bottle,  after- 
wards  sealed   and   througlily    shaken   on   an   electrical    machine   for   three   days. 
On  May  19  cultures  were  taken,  these  later  showed  numerous  pest  bacilli  still 
alive.     A  5  per  cent  solution  of  carbolic  acid  was  added  to  the  suspension  suf- 
ficient to  form  a  0.5  per  cent  solution  and  it  was  then  centrifu^d  for  three  hours 
at  a  velocity  of  4,000  revolutions  i)er  minute.     The  centrifugated  tubes  were  then 
femoved  and  placed  for  two  hours  at  a  temperature  bt^tween   45°   and   46°    C. 
XTie  clear  fluid  above  was  then  piix?tted  ofT  and,  after  its  sterility  was  proved, 
Used  on  May  20  for  the  inoculations  described  in  the  table  below.     On  July  16, 
two  months  later,  the  animals  wore  all   reinoculated  in  the  following  manner: 
S    oesen  of  a  suspension  of  "Pest  Virulent"    (one  48-hour  culture  from  guinea 
pig   number  2174,  second   transplant)    in   5   cubic  centimeters  of  bouillon   were 
^\ibbed  over  a  shaved  area  on  the  alxlomen  which  was  scarified  with  a  scali>el. 
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Series  36— Continued. 


It  will  be  seen  that  these  animals  were  inoculated  in  exactly  the  same  manner 
as  those  used  in  the  experiments  described  in  Series  32  and  33.  (See  pp.  204, 
and  218.)  The  same  twenty-five  control  guinea  pigs,  numbered  2098  to  2122, 
inoculated  in  the  same  manner,  served  for  the  present  series  as  well.  All  of  them 
died  of  acute  pest  infection. 


Animal 
No. 


Imnranized 
May  20.  with— 


Infected  July  16, 
with— 


2018     5   CO.  Artificial 
*    AggresHinlll. 


2019 


5ocsen  suspen- 
sion "Pest 
Virulent" 
massa  g  e  d 
over  abdo- 
men, 
do.. 


Result. 


Autopsy  and  remarks. 


Dead  July  22.     Moderate  number  of  pest  bacilli  in 
after  6  days,  i     «°^"  ^^^  «p\ei^n. 


2023  do 


2025 
2026 
2027 
2028 
2029 


.do 


.do 


.do 


do 


3    cc.  Artificial  i do 

AggrcHsin  ill.  ! 
2    cc.  Artificial    do 

Aggressin  III. 
2*  cc.  Artificial   do 

Aggressin  III.  i 


Dead  July  23, 

after  7  days. 

do 

Dead  July  21. 

after  5  days. 
Dead  July  23, 

after  7  days. 
Dead  July  25, 

after  9  days. 
Dead  July  28. 

after  7  days. 
do 


Dead  July  25. 

after  9  days. 
Dead  July  23, 

after  7  days. 
Dead  July  25, 

after  8  days. 
Dead  July  23, 

after  7  days. 


Innumerable  pest  bacilli  in  smears 

from  spleen. 
Typical  pest  spleen. 
Few  pest  bacilli  in  smears  from 

spleen. 
Typical  pest  spleen. 

Advanced  bubo.  Innumerable  pest 
bacilli  in  smears  from  spleen. 

Numerous  pest  bacilli  in  smears 
from  spleen. 

Few  pest  bacilli  in  smears  from 
spleen. 

Typical  pest  spleen. 

Innumerable  pest  bacilli  in  smears 

from  spleen. 
Numerous  pest  bacilli   in   smears 

from  spleen. 
Do. 


Sbbies  42. — Inoculations  with  artifiaial  peat  aggressin  in  guinea  pigs. 

On  July  16,  sixty  48-hour  agar  cultures  of  the  strain  "Pest  Virulent"  (from 
guinea  pigs  numbered  2174  and  217.5,  second  transplant)  were  suspended  in  60 
cubic  centimeters  distilled  water,  1  cubic  centimeter  to  each  culture.  The  suspen- 
sion was  tlien  placed  on  an  electrical  shaking  machine  for  five  days.  The  prepara- 
tion of  the  artifuial  aggressin  from  this  point  on  was  then  continued  in  exactly 
tlie  same  manner  as  described  in  Series  29  (p.  223).  After  it  was  centrifuged, 
cultures  from  the  clear  fluid  showed  tlie  aggressin  to  be  sterile. 

On  July  23  each  guinea  pig  was  inoculated  subcutaneously  with  5  cubic  oenti- 
metors  and  again  on  August  1,  each  animal  receiving  a  repetition  of  this  doae. 
On  August  24,  about  three  weeks  after  the  second  inoculation  the  immtuiity 
of  the  animals  was  tested  by  mas.saging  the  abdomen  with  a  portion  of  the 
spleens  of  guinea  pigs  numbered  2315  and  2.S1(),  just  dead  of  acute  plague  infection. 
Two  control  animals  were  inoeuiatcMl  at  tlie  same  time  and  in  the  same  manner. 
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Series  42 — Continued. 


Ani- 
mal i 

I  No.  I 


Immunized 
Jaly23 
with— 


;  2197 


2198 

2199 
2200 


5  cc.  Artifi- 
cial  Ag- 
gres8in 
IV. 

do 


.do 
do 


Second  im- 
munization 
August  1. 


Infected  August  24. 


5  cc.  Artifi-  I  Abdomen     massaged     with 
cial   Ag-        portions  of  the  spleens  of 
g  r  e  8  s  i  n        guinea  pigs  numbered  2315 
IV.                   and  2316  just  dead  of  acute 
plague  infection. 
__-_do _ — . 


do 

.do 
.do 


.do 
.do 


Result. 

Dead   Aug.  29, 
after  6  days. 


Autopsy  and 
remarks. 


Dead    Sept.    2.  ! 

after  9  days. 
Alive  and  well  _ 
do 


Numerous 
pest  bacilli 
in  smears 
from 
spleen. 

Subacute 
pest. 


CONTROLS. 


2322 


2323 


Abdomen     massaged     with 
portions  of  the  spleens  of 
guinea  pigs  numbered  2315 
and  2316  just  dead  of  acute  > 
plague  infection.  ' 

do Dead   Aug.  31, 

after  7  days. 


Dead  Aug.  29,     Pest    bacilli 
after  5  days.  in    smears 

from 
I      spleen. 


Do. 


Series  34. — Animals  inoculated  for  the  preparation  of  natural  plague  aggresftin. 


Animal  No. 


Rabbit  1966* 


Guinea  pig 

1964. 
Guinea  pig 

1999. 


Inoculated  intraperitoneally  with— 


2  oe«en  of  the  heart's  blood  of  guinea 

pig  1958  in  10  cc.  bouillon  on  May  14. 
Portion  of  spleen  of  guinea  pig  No.  1957 

shaken  up  in  5  cc.  bouillon  May  13. 
4  oese  "Pest  Virulent"  3  days*  culture, 
first  transplant  from  guinea  pig  No. 
1957  in  10  cc.  bouillon  May  17. 

Guinea  pig  ; do 

2000. 

Guinea  pig  , do... _. 

2001.  < 

Guinea  pig   do 

2002. 

Guinea  pig   do _.. 

2008. 

Guinea  pig   do 

2004. 
Guinea  pig 
2007. 


L 


Guinea  pig 

2006. 
Guinea  pig 

2009. 
Guinea  pig 

2010. 
Gninea  pig 

2011. 


4  oese  tJ  days'  culture  "Peijt  Virulent" 
from  guinea  pig  No.  1958  first  trans- 
plant in  10  ce.  bouillon. 

.._.do...- 


.do 
.do 
.do 


Result. 


Abdominal  exudate 
collected. 


Dead  May  20, 
after  6  days. 

Dead  May  14, 
after  U  days. 

Dead  May  19. 
after  2  da  vs. 


2.75  cc.  for  Aggressin 

E. 
5  cc.  for  Aggressin  A. 

4  cc.  for  Aggressin  C. 


Dead  May  18. 

after  1  day. 
Dead  May  19, 

after  2  days. 
Dead  May  18, 

after  1  day.  j 
do  _-_ '  4  cc.  for  Aggressin  B. 


4  cc.  for  Aggressin  B. 
2  cc.  for  Aggressin  C. 
4.5cc.  for  Aggressin  B. 


.do 


Dead  May  19. 
after  1  day. 


3  cc.  for  .Aggressin  B. 
3  cc.  for  Aggressin  C. 


do j  1.75  cc.  for  Aggressin 

i      '^' 
Dead  May  20,     4.5  cc.  for  Aggressin  E. 

after  2  days. 

4.5  cc.  for  Aggressin 

D. 

2  cc,  foul,  containing 

many  post-mortem 

bacilli.    Not  used. 


Dead  May  19, 
afti*r  1  day. 

Dead  May  20, 
after  2  days. 


•  A  number  of  rabbits  were  inoculnted  for  the  purpose  of  preparing  nAtQnl  aggrearin.  HoweTer, 
t.liefle  animals  were  found  in  Manila  to  be  unsatisfactory  for  this  parpose  owing  to  the  rapid  oon- 
t^mination  of  the  fluid  in  the  pleural  or  abdominal  cayity  due  to  post-morteai  deoomporitton. 
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Series  34 — Continued. 

The  abdominal  exudates  from  these  guinea  pigs  were  collected  on  the  day  of 
the  death  of  the  animal  and  mixed  with  an  equal  volume  of  normal  saline 
solution.  Five  per  cent  carbolic  acid  was*  then  added  in  sufficient  amount 
to  form  a  0.5  per  cent  solution.  The  mixtures  were  then  heated  for  two  hours 
at  44°  to  45°  C.  and  subsequently  centrifuged  for  four  hours  at  a  velocity  of 
4,000  revolutions  per  minute.  The  clear  fluid  above  was  then  pipetted  and 
used  in  the  inoculations  described  in  Series  35.  Its  sterility  was  in  each  instance 
demonstrated. 

Series  43. — Guinea  pigs  inoadated  for  the  preparatimi  of  natural  pkigue  aggremn. 


Animal 
No. 


2201 


2202 


2208 
2210 


2211 
2212 
2213 
2214 
2215 
2216 
2217 
2218 
2219 


Inoculated  intraperitoneally  with— 


1  oese  "Pest  Virulent"  from  guinea 
pig  No.  2179  first  transplant  in  10 
CO.  bouillon  July  23. 

do 


.do 


i  ocse  6-day  culture  of  "Pest  Viru- 
lent" guinea  pig  No.  2183  first 
transplant,  in  5  cc.  bouillon  July 
90. 

do 

do _ 

do_- 

do 

do  _ 

do... -.__ 

do u. 

do 

do _ _ 


Result. 


Dead  July  26,  after  3  days.. 


Dead  July  25,  after  2  days  .. 


Dead  July  28,  after  5  days . 
Dead  July  31,  after  1  day.. 


Dead  Aug.  1,  after  2  days 
Dead  July  31,  after  1  day. 

do __ 

do 

Dead  Aug.  1,  after  2  days 
Dead  July  31,  after  1  day. 

do 

do  _. 

Dead  Aug.  1,  after  2  days 


Exudate  obtained. 


5  cc.  for  Aggressln  F. 


3.5  cc.  foul  exudate 
obtained.  Not 
used. 

5  cc.  for  Aggieasin  O. 

1  cc.  for  Aggressln  H. 


8  cc.  for  AggroHdn  I. 

1  cc.  for  Aggressin  H. 

2  cc.  for  Aggreasin  H. 
1  cc.  for  Aggrenin  H. 
1  cc.  for  Aggrearin  I. 
4  cc.  for  Aggreasin  H. 

Do. 
Do. 
2.5  cc.  for  Aggreasin  I. 


The  abdominal  exudates  from  these  guinea  pigs  were  collected  on  the  day  of 
the  death  of  the  animal  and  mixed  with  an  equal  volume  of  normal  saline  solution. 
Five  per  cent  carbolic  acid  was  then  added,  sufficient  to  form  a  0.5  per  cent 
solution.  The  mixture  was  then  heated  for  from  one  to  two  hours  at  a  tem- 
j)erature  of  45°  to  40°  C.  and  subsequently  centrifuged  for  four  to.  five  hours 
at  a  velocity  of  4.000  revolutions  per  minute.  The  clear  fluid  above  was  then 
pi|x;tted  oft  and  used  in  the  inoculations  de8cril)ed  in  Series  44.  The  sterility  of 
the  aggressin  was  demonstrated  in  each  instance. 

Series  35. — Inoculations  vnth  natural  plague  aggrenin  in  guinea  pigs. 

The  animals  wt-re  inoculated  as  below  with  natural  aggressin,  the  preparation 
of  which  is  described  in  Series  34.  On  July  16  they  were  all,  with  the  exception 
of  numbers  20.'>.*J  and  2054  reinoculated  by  rubbing  5  oesen  of  a  suspension  of 
"Peat  Virulent"  (5  cubic  centimeters  lM)uillon  to  one  48-hour  culture  guinea  pig 
numbered  2174,  second  transplant)  over  a  shaved  and  lightly  scarified  area  on  the 
abdomen.  Tliese  animals  were  inoculattnl  in  exactly  the  same  manner  as  those 
given  in  Series  32  and  33  (see  pp.  204  and  218),  and  the  same  twenty-five  control 
guinea  pigs  numbered  2098  to  2122  were  eniployod  for  the  present  series.  Guinea 
pigs  numl)ered  2053  and  2054  were  inoculate<l  Jmie  18  by  massaging  a  shaved  area 
over  the  abdomen  witli  a  portion  of  the  spleen  of  guinea  pig  numbered  2124  and 
scarifying  the  skin  with  a  scalpel.  Two  control  guinea  pigs,  numbered  2140  and 
2141,  were  also  inoculated  in  the  same  manner. 
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Series  35 — Continued. 


Animal 
No. 


2012 


2013 


2014 


2015 
2016 


2017 
2080 


2081 
2082 

2033 


2084 


2085 


2006 


2063 


2054 


Immunized 

intraperitoneally 

with— 


5  cc.  Natural  Ag- 
grressin  B,  May 
19. 

do - 


4  cc.  Natural  Ag- 
gressin  B,  May 
19. 

do 

2  cc.  Natural  Ag- 
greffiin  B,  May 
19. 

do-— 

3  cc.  Natural  Ag- 
gressin  C,  May 
20. 

do 

do 


3.5    cc.    Natural 

Aggressin  C, 

May  20. 
2.5    cc.    Natural 

Aggressin  D, 

May  20. 
do _ 


5  cc.  Natural  Ag- 

greffiin  A,  May 

15. 
4.5    cc.    Natural 

Aggressin       E, 

May  21. 


.do 


Rcinoculated  with— 


Result. 


5  oesen  su.«<penHion  of  ! 
"Pest  Virulent"  ' 
over  abdomen  July  \ 
16. 

do — 


.do 


.do 
.do 


.do 
do 


.do 
-do 

.do 


do 


.do 


„_-do 


Abdomen  massaged 
with  portion  of 
spleen  of  guinea 
pig  No.  2124  on 
June  18. 

do 


Dead  July  26, 
after  10 
days. 

Dead  July  2o, 
after  9 
days. 

Alive 


.do 
.do 


— -do_ 

Dead  July  23, 

after      7 

days. 

.—do 

do 


Dead  July  25, 

after      9 

days. 
Dead  July  24, 

after     8 

days. 
Dead  July  31, 

after    15 

days. 
Dead  July  26, 

after      6 

days. 
Dead     June 

22,   after  4 

days. 


Dead  June 
25.  after  7 
days. 


Autopsy  and  remarks. 


Pest  butx).  Innumerable 
pest  bacilli  in  smears  from 
spleen. 

Pest  bubo.  Very  numerous 
pest  bacilli  in  smears  from 
spleen. 


Numerous    pest    bacilli    in 
smears  from  spleen. 

Do. 
Pest.    Typical  bubo  and 

spleen. 
Typical    pest    spleen.    Fair 

number  of  pest  bacilli  in 

smears  from  spleen. 
Pest.    Numerous  pest  bacilli 

in  smears  from  spleen. 

Innumerable  pest  bacilli  in 
smears  from  spleen. 

Numerous    pest    bacilli    in 
smears  from  spleen. 

Innumerable  pest  bacilli  in 
smears  from  spleen. 


Comparatively  few  bacilli  in 
smears  from  spleen. 


(H)NTROLS. 


2140 


2141   . 


Abdomen  raa^ssaged 
with  portion  of 
spleen  of  guinea 
pig  No.  2124  on 
June  18. 
do 


Dead    June     Innumerable  pest  bacilli  in 
25,    after   7        smears  from  spleen, 
da  vs. 


Dead  June 
27,  after  9 
days. 


Do. 


And  twenty-five  other  controls;   all   dead.     (See  Series  32  and  33,  pp.  204 
nd  218.) 
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Series  44,-^Inocnlations  with  natural  plague  aggremn  in  guinea  pigs, 

• 

The  animals  were  inoculated  intraperitoneally  July  27  to  Augunt  3  as  ^ven 
U»low  with  natural  ajjgTt***«i".  the  preparation  of  which  is  defM*ribed  in  Series  43 
(p.  230).  On  August  28,  about  one  month  after  the  first  inoculation,  they  were  all 
reinoculateil,  5  oesen  of  a  suspension  of  "Pest  Virulent"  (one  48-hour  slant  culture 
from  guinea  pig  numbered  2315  second  transplant  in  10  cubic  centimeters  bouillon ) 
being  rubbed  over  a  freshly  shaved  area  of  the  abdomen  of  the  animal  and  the 
skin  well  scarified  with  a  scalpel.  Twenty-five  control  animals,  numbered  2362 
to  2386,  were  also  inoculated  in  exactly  the  same  manner  and  all  died.  The  details 
of  these  autopsies  were  given  in  Series  41    (p.  210). 


Animal 
No. 


22a'> 


2*206 
2225 


222<i 
2282 


2283 


2234 


Inoculated 
intraperitone- 
ally with— 


do.. 


2235   do 


2236 


.do 


2237  ; do 


Reinoculated 
August  28  with- 


July27,4.5cc. 
Natural  Ag- 
grcsKin  F. 

do 

July  30, 4.5  cc. 
Natural  Ag- 
gress! n  G. 

do 

Aug.  1,  4  cc. 
Natural  Ag- 
gressin  H. 

do 


5  oesen  suspen- 
sion "PcMt  Viru- 
lent" rubbed 
on  abdomen. 

do 

do - 


.do 
.do 


do 


Result. 


Dejid    Sept.    4, 
after  7  days. 


Alive  and  well . 
Dead  Sept.  15, 
after  18  days. 

Alive  and  well . 
do 


.....do 


do 


do 


do 


2269  Aug.  3.  4  ee.  do 

Natural  Ag-  , 
gressin  I.       | 

2270   do ' do 


Dead    Sept.    5, 

after  8  days. 
Dead    Sept.   8, 

after  11  days. 
Dead    Sept.    4, 

after  7  days. 
Dead    Sept.    7, 

after  10  <lays. 
Dead    Sept.    4. 

after  7  days. 
Alive  and  well , 


Dead    Sept.   9, 
after  12  days. 


Autopsy  and  remarks. 


Numerous  pest  bacilli  in  smears 
from  spleen. 


Typical      buU».    No      organisms 
found  in  smears  from  spleen. 


Fair   numbers  of  pest  bacilli  in 

smears  from  spleen. 
Pest  bubo.    One  or  two  abecefses 

in  spleen. 
Numerous  pest  bacilli  in  smears 

from  spleen. 
Innumerable  pest  bacilli  in  smears 

from  spleen. 
Do. 


Innumerable  pest  bacilli  in  smears 
from  spleen. 


Series  54. — luocvlatiom  frith  Klein' a  method  in  guinea  pigs. 

The  buboes,  lungs,  spleen  and  liver  containing  necrotic  foci  were  removed  from 
three  guinea  pigs  which  had  died  of  subacute  plague  infection.  The  organs  were 
finely  minced,  spread  out  on  glass  in  thin  layers  over  sulphuric  acid  and  dried  at 
from  46°  to  47 '^  C.  for  four  days,  and  at  45°  C.  for  two  days  longer.  The  dried 
material  was  then  rubbed  up  in  a  mort^ir  with  saline  solution,  the  fluid  portion 
being  decanted  otr  from  the  sediment  which  did  not  dissolve. 

Each  aninuil  of  the  series  received  subeutaneously  2  cubic  centimeters  of  this 
fsuspension,  equnl  to  about  25  milligrams  of  the  powder.  In  two  of  the  animals, 
numbered  2822  and  282:^.  largt^  slouglis  of  tlie  skin  followed  the  inoculation.  On 
November  26,  about  one  month  after  the  injection,  the  immunity  of  the  animals 
was  tested  with  the  strain  "Pest  \'irulent"  in  exactly  the  same  manner  as  was 
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that  of  the  animals  comprising  Series  46,  47,  and  50  (pp.  211,  220  and  197). 
Twenty-five  control  animals,  nunilx»r8  2870  to  2894,  were  also  inoculated  at  the 
same  time  and  in  the  same  manner.  All  succumbed  from  acute  plaj^ie  infection. 
For  the  details  of  the  protocols  see  Series  46. 


Inoculated 
'Animal  October Rubcu- 


No. 


I 


2821 


2822 
2823 
2824 
2825 
2826 


taneoualy 
with— 


Keinoculated 

November  26 

with— 


2  CO.  suspen-  j  5  oesen  suspen- 
sionofdried  sion'TestVlni- 
plague  or-  ;  lent"  rubbed 
gans.  over  abdomen. 

do -do 

do do 

do ! do 


do 

do 


do 
.do 


Result. 


Autopsy  and  remarks. 


Dead  Dec.  4,  after  8  days___;  Typical  bubo.    Text 

bacilli  in  spleen. 


.do 


Dead  Dec.  5,  after  9  days... 

Alive  and  well ' 

do _ 

Dead  Dec.  3,  after  7  days  ___| 


Do. 
Do. 


Do. 


Series  56. — Inoculations  by  Klein^s  method  in  (guinea  pigs. 

The  buboes,  lungs,  spleen  and  liver  containing  necrotic  foci  were  removed  from 
three  guinea  pigs,  numbered  3017,  3018,  and  3025  which  had  died  of  plague  infection 
and  were  used  for  the  manufacture  of  the  prophylactic  employed  in  these  experi- 
ments.    The  prophylactic  was  prepared  after  the  method  of  Klein  as  described  in 
Series  54   (p.  232).     Each  animal  received  2  cubic  centimeters  of  the  suspension. 
In  three  of  the  animals  sloughs  of  the  skin  followed  the  inoculations.     About  one 
month  after  the  inoculations  the  immunity  of  the  animals  was  tested  by  rubbing 
5  oesen  of  a  suspension  of  "Pest  Virulent"   (one  48-hour  agar  slant  culture  from 
guinea  pig  number  3100,  second  transplant  in  5  cubic  centimeters  bouillon)   over 
o,  shaved  area  on  the  abdomen.     Three  control  animals  inoculated   in  the  same 
manner  and  at  the  same  time  all  succumbed  to  pest  infection. 


Animal 
No. 


3085 


a036 
8037 
30S8 

3040 
3046 


3047  :_ 

I 


Inoculated  sul>cuta- 
neonsly  with— 

Keinoculated  March  12 
with— 

2  cc.  suspension  dried 
plague  aggressin. 

do 

do- 

do --- 

do           

5  oesen  suspension  "Pest 
Virulent"  rubbed  over 
abdomen. 

do 

..     .do 

do 

_do__. 

do 

do 

do 

do 

9052 


3055 

aoM 


Results. 


Dead  Mar.  20,  after  8  days. 

Allvo  and  well 

Dead  Mar.  17.  after  5  days.. 
Dead  Mar.  Ifi.  after  4  day.«<_. 

Alive  and  well _.. 

Dead  Mar.  18,  after  (>  days.. 


Autopsy 
and  re- 
marks. 


Dead  Mar.  1«.  after  4  days..    Pest. 


Do. 

I 'est. 
Do. 

Pest. 


CONTROLS. 


.'>oe.«*en  suspension  "Pest  '  Dead  Mar.  17,  after  5  days..;  Pest. 

Virulent"  rubbed  over 

abdomen. 

do Dead  Mar.  16,  after  4  days.-        Do. 

.do Dead  Mar.  16,  after  4  days..!       Do. 
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DURATION  OF  IMMUNITY  AFTER  VACCINATION. 
Series  55. — Demormtrnthig  duration  of  immunity  in  monkeys  after  vaccination. 

The  animals  comprising  this  series  were  vaccinated  with  the  strains  "Pest 
Avirulent"  and  "Maassen  Alt''  at  different  times,  as  may  be  seen  from  the  table 
below.  From  nine  to  ten  months  after  the  vaccination  they  were  all  cc^lected 
and  on  November  12  reinfected  by  the  inoculation  of  }  oese  of  the  strain  "Pest 
Virulent"  (from  guinea  pig  2764,  second  transplant). 


Animal 
No. 

Vaccina- 
ted. 

Reinoculated 
November  12. 

Remilt. 

Autopsy  and  remarks. 

2842 
2848 

Jan.  10 

Jan.   12 
Jan.   15 

Jan.   16 
Jan.   18 

Jan.  22* 

Jan.  25 

Jan.  27 
Jan.  29 

3   0686  "Pest 
Vinilent" 

do 

. do 

do 

do 

do 

do 

do 

do 

Dead  Nov.  19,  after  7  days.. 
Alive  and  well 

Pest  bubo  containing   few   or- 
ganisms.   No  bacilli  in  smears 
from  spleen. 

Numerous  pest  bacJlIi  in  smears 
from  spleen. 

Few    swollen    pest    bacilli    in 

smears  from  q>leen. 
Chronic  bubo  containing    few 

pest  bacilli. 
Numerous  pest  bacilli  in  smears 

from  spleen. 

2844 
2845 

Dead  Nov.  16,  after  4  days— 
Alive  and  well 

2846 
2847 
2848 
2849 

Dead  Nov.  20,  after  8  days.. 
Dead  Dec.  1,  after  19  days  .. 
Dead  Nov.  17,  after  5  days.. 
Alive  and  well 

2850 

do _    __ 

j 

YIL  SUMMARY  OF  THE  RESULTS  OF  THE  ANIMAL 

EXPERIMENTS  IN  IMMUNIZATION  BY 

THE  DIFFERENT  METHODS. 

It  will  be  seen  from  a  study  of  the  different  series  of  experiments 
described  on  pages  187  to  234  that  in  many  instances  the  results  in 
immunization  obtained  by  the  same  method  of  inoculation  show  con- 
siderable variation.  This  is  particularly  so  in  the  series  of  monkeys 
inoculated  in  the  early  part  of  the  work  where  the  immunity  of  the 
animals  in  the  different  series  was  tested  with  varying  amounts  of 
the  virulent  pest  organism.  However,  many  diflSculties  were  also  en- 
countered in  the  series  in  which  the  experiments  were  performed  later. 
In  the  beginning  of  this  article  and  in  the  records  of  some  of  the 
experiments,  attention  was  called  to  the  fact  that  the  lethal  dose  for 
the  species  of  monkeys  employed  varied  considerably.  In  some  instances 
over  fifty  times  the  lethal  dose  for  one  animal  will  not  cause  the  death 
of  another  of  about  the  same  size.  For  this  reason  and  because  occa- 
sionally, in  the  earlier  experiments,  a  control  animal  did  not  succumb 
to  pest  infection,  a  very  large  multiple  of  the  lethal  dose  for  the  average 
monkey  was  finally  employed ;  therefore,  the  percentage  of  these  animals 
immunized  was  not  as  high  as  it  might  otherwise  have  been.  It  is  undoubt- 
edly for  this  reason  that  so  low  a  percentage  of  the  monkeys  which  had 
previously  been  inoculated  with  killed  cultures  of  the  pest  organism 
subsequently  resisted  the  infection.  On  the  other  hand,  in  my  experi- 
ments with  guinea  pigs  inoculated  with  killed  cultures,  the  percentage 
of  immunity  obtained  was  as  high  as  or  higher  than  that  frequently 
encountered  by  other  authors. 

Owing  to  this  great  individual  variation  in  the  susceptibility  of 
different  monkeys  to  pest  infection,  a  fact  discovered  during  the  course 
of  the  inoculations,  these  animals  did  not  prove  to  be  as  suitable  as 
guinea  pigs  for  the  comparison  of  the  value  of  the  different  methods. 
However,  on  the  other  hand,  as  has  been  mentioned  above,  the  behavior 
of  the  monkey  in  relation  to  its  resistance  and  immunity  to  pest 
infection  probably  much  more  closely  resembles  that  encountered  in  man. 

It  is  obvious  that  the  series  of  inoculations  which  have  been  described 

are  not  selected  as  ideal  ones.     The  entire  number  performed  in  relation 

to  immunization  by  the  different  methods  has  been  recorded  in  the 

order  in  which  the  experiments  were  carried  on,  the  unfavorable  as 
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well  as  the  favorable  results  being  detailed.  By  no  method  was  it  possible 
by  the  employment  of  a  single  inoculation  and  a  fixed  dose,  thoroughly 
to  protect  all  of  the  animals  of  a  series  against  infection.  In  fact 
a  single  vaccination  of  a  number  of  animals  of  the  series,  even  though 
the  dose  was  so  large  as  to  cause  the  death  of  some  of  them,  would  not 
usually  render  thoroughly  immune  more  than  75  to  80  per  cent  of 
the  remainder.     (See  exj)eriments  with  the  strain  "Maasscn  Alt.") 

In  spite  of  variations  in  the  results  of  immunization  sometimes 
obtained  in  the  different  series  bv  the  same  method  of  inoculation, 
nevertheless,  an  examination  of  the  experiments  demonstrates  conclusively 
and  beyond  any  douljt  the  great  value  of  vaccination  against  plague 
infection  and  its  evident  superiority  to  the  other  methods  of  immu- 
nization. Xo  doubt  of  this  fact  is  left  after  a  study  of  the  combined 
table  of  inoculations  on  page  288  where  a  comparison  of  the  value  of 
the  different  methods  may  be  made  at  a  glance. 

In  relation  to  the  time  which  the  immunity  takes  to  develop  and 
the  time  which  it  persists  after  vaccination,  it  may  be  stated  that  in 
three  instances  attempts  were  made  to  infect  monkeys  numl)ered  1581, 
1593  and  162G  which  had  been  vaccinated  only  six  days  previously.  All 
of  these  animals  remained  alive  and  well.  Nine  monkeys,  numl)ered  2842 
to  2850  (see  Series  55,  p.  234),  which  had  been  vaccinated  M'ith  the  strain 
"Pest  Avirulent"  or  "Maassen  Alt"  between  nine  and  ten  months  prc»- 
vipusly  were  collected  and  their  immunity  tested  by  the  inoculation  of 
§  oese  of  the  strain  "Pest  Virulent;''  five  of  the  animals  succumbed  and 
four  (44  per  cent)  remained  alive.  In  connection  with  these  experiments 
it  must  be  emphasized  that  the  aninuils  during  the  entire  time  between 
the  vaccination  and  the  infection  (nine  to  ten  months)  had  been  in  close 
captivity  and  were  not  in  particularly  good  physical  condition  at  the  time 
they  were  infected.  Moreover,  it  is  obvious  that  in  testing  their  immunity 
a  much  greater  amount  of  plague  bacilli  {^  oese  of  the  virulent  strain) 
was  employed  than  either  man  or  animals  would  ever  receive  from  a 
natural  plague  infection. 

Prophylactic  inoculations  of  natural  aggressin  appear  to  be  next  in 
value  to  rarrination  as  a  means  of  iiiimuui/.ation  against  pest.  Inocula- 
tions with  artificial  ])lague  aggressin  did  not,  in  my  experiments,  prove 
to  be  nearly  as  cllicacious  as  those  with  natural  aggressin.  A  much 
higher  imnuinity  was  o])tainc(l  with  the  latter  prophylactic.  However, 
as  I  have  already  pointed  out  elsewhere/"  there  was  apparently  no 
dilTerence  in   the  ciualitv  of  the  imiminitv  obt^iined   with  the  natural 
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aggressin  fr6m  that  prod ii cod  by  the  artificial  product,  and  my  sub- 
sequent experiments,  as  did  my  earlier  ones,  have  only  further  confirmed 
the  views  of  Wassermann  and  Citron  ^^  that  the  aggressins  must  be 
considered  to  be  hypothetical  substances  and  that,  so  far  a.s  their  immu- 
nizing value  is  concerned,  in  these  exudates  we  have  to  do  mainly  with 
the  sustances  extractcMi  from  the  bacilli  themselves.  Evidentlv,  in  the 
case  of  the  plague  bacillus,  the  receptors  of  the  organism  in  the  so-called 
aggressin  exudates  of  animals  become  liberated  in  a  more  efficient 
manner  for  immunization  and  probably  exist  in  a  less  altered  condition 
than  they  do  in  the  aqueous  sus])ension  of  the  bacilli  obtained  by 
artificial  means.  Obviously,  in  natural  plague  aggressin  no  other  immu- 
nizing substances  are  existent  than  those  present  in  the  prophylactic 
against  pest  recommendcnl  by  Terni  and  Bandi.  The  two  methods 
are  practically  identical  as  Bandi  ^*  has  recently  pointed  out.  However, 
it  must  be  admitted  that  Bandi  did  not  originally  explain  the  principle 
of  the  action  of  his  prophylactic,  as  we  understand  its  action  to-day  after 
a  study  of  the  subjects  of  free  rece})tors  and  of  aggressins.  The  method 
of  inoculation  with  natural  plague  aggressin  is  not  likely  to  come  into 
general  use  because  of  the  great  difficulties  encountered  in  the  prepara- 
tion of  the  prophylactic.  Moreover,  in  my  ex]>erimenb^  I  have  not 
obtained  the  satisfactory  resultvS  with  it  which  Hueppe  and  Kikuchi 
evidently  anticipated.  The  method  of  vaccimtticni,  as  already  mentioned, 
gives  a  much  greater  degree  of  protection.  Although  Klein's  method, 
according  to  the  small  number  of  experiments  I  have  performcnl,  gives 
about  the  same  results  in  immunizing  guinea  pigs  as  are  obtained  by  the 
inoculations  with,  natural  aggressin,  yet  the  injection  of  the  former 
substance  as  prepared  in  my  exj)eriments  produced  a  much  greater  local 
reaction  than  the  latter.  Therefore,  1  could  not  ascertain  that  this 
method  had  any  particular  advantage  over  that  in  which  inoculations  of 
natural  aggressin  were  employed. 

I  perfonned  no  experiments  with  Lustig's  plague  prophylactic,  partly 
because  of  the  poor  results  which  Kolle  and  Otto  ^*-  encountered  in  their 
experiments  and  partly  IxK^ause  the  results  which  have  been  obtained 
in  this  laboratory  by  the  use  of  this  method  in  extracting  the  immunizing 
substances  from  the  cbolera  s])irillum  have  not  b(»en  encouraging  for  its 
further  use;  other  uu'thods  of  extraction  of  these  substances  from  the 
bacilli  having  in  my  (>j)inion  given  more  satisfactory  results. 

"^  Deutsche  Med.  Wrhnschr.   (1005).  31,  1101. 

^'Cethtrbl.  /.  liakfrrwl.    (1000),  42,  448. 

*^ Ztschr.  f.  Hy<j.  u.  lfifrctionskrankh.,  Tx'ipz,    (lOO.'J),  45,  517. 
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VIII.  THE  FORMATION  OF  AGGLUTININS  IN  PLAGUE 

IMMUNE    SERUM. 

After  having  concluded  from  the  experiments  recited  above  that  true 
plague  vaccination  (inoculation  with  living,  attenuated  cultures)  produced 
the  highest  immunity,  inoculations  were  made  in  human  beings  with 
the  strain  "Pest  Avirulent."  In  order  to  ascertain  if  any  evidences  of 
immunity  could  be  demonstrated  in  the  inoculated,  their  blood  was 
tested  for  the  presence  of  agglutinins,  anti-infectious  sul)stances  and 
opsonins.  This  led  me  to  investigate  in  detail  whether,  and  if  so,  to 
what  extent,  these  same  anti-bodies  existed  in  the  blood  sera  of  animals 
which  had  been  immunized  against  plague  infection. 

AGGLUTINATION  OF  THE  PEST  BACILLUS. 

Wyssokowitz  and  Zabolotny"*  and  the  German  Plague  Commission  called 
attention  to  the  fact  that  the  blood  serum  of  persons  who  had  suffered  an  attack 
of  plague  sometimes  showed  a  weak  agglutinating  action  against  the  pest  bacillus. 
The  German  Plague  Commission  further  empliasized  that  under  these  circum- 
stances the  reaction  was  not  always  present  and  that  its  occurrence  bore  no 
relation  to  the  severity  of  the  disease,  since  in  the  most  severe  case  which  they 
examined  it  was  absent,  while  in  a  mild  case  of  plague,  the  strongest  positive 
reaction  waa  obtained.  They  studied  the  sera  of  two  persons  who  about  three 
weeks  before  had  been  vaccinated  against  pest  by  Haffkine,  but  found  no  trace 
of  an  agglutinating  reaction.  They  also  examined  four  different  pest  immune 
sera  produced  in  horses  and  in  three  found  practically  no  agglutinative  action  or 
only  traces  of  it;  but  one  of  the  sera  showed  a  suggestion  of  a  reaction  above 
the  dilution  of  1  to  20.  A  goat  which  received  four  injections  of  killed  cultures 
of  the  pest  bacillus,  six  cultures  being  finally  injected,  was  killed  about  one  week 
after  the  final  inoculation.  Its  blood  serum  then  showed  a  strong  agglutinative 
action  in  a  dilution  of  1  to  30.     The  commission  conclude  that  in  plague  infection 

• 

the  agglutination  is  not  at  all  parallel  with  the  protective  and  immunizing  power 
of  the  serum.  Pest  sera  which  showed  a  strong  agglutinating  reaction,  in  the 
animal  body  proved  to  be  entirely  inactive  against  pest  infection  and  vice  versa. 

Zabolotny"  also  found  that  the  agglutinative  action  of  the  blood  serum  of 
those  who  had  suffered  with  pest  was  very  inconstant.  In  Home  cases  which  had 
been  inoculated  with  llatTkine's  prophylactic,  he  found  a  weak  agglutinative  power 
which,  however,  was  not  so  marked  as  in  cases  which  had  recovered  from  a  natural 
attack  of  the  disease. 

Vagedes'"  investigated  the  agglutinative  action  of  the  sera  of  thirteen  persons 
who   had  suffered  with   pest  in   Oporto.     In   only   two  cases  was  a  very   weak, 

'*Ann.  d,  Vmst.  Pasteur  (1897),  11,  662. 
"^Arch.  d.  8ci.  Biologiijurs    (1901),  8,  85. 

'*  Klin.  Jahrhch.   (1900),  7,  537,  and  Arh.  a.  d.  k.  Oundhtftamte  Berl   (1900), 
1  7,  181. 
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positive  result  obtained.  The  blood  aerum  was  collected  from  one  to  four  months 
after  the  beginning  of  the  illness. 

Uriate ""  in  a  study  of  epidemics  of  pest  in  Paraguay,  Rosario  and  Buenos 
Ayres,  found  that  the  sero-aggluti nation  of  the  pest  organism  occurred  in  cases 
of  plague  only  late  in  the  course  of  the  disease  and  then  very  irregularly.  It 
failed  actually  in  more  than  300  cases  which,  from  a  bacteriological  and  clinical 
standpoint,  were  certainly  those  of  pest. 

On  the  other  hand  Paltauf,"  Markl  "  and  Kolle  and  Martini  "•  showed  that 
a  specific  agglutination  of  the  organism  occurred  in  various  dilutions  with  pest 
immune  sera  produced  in  horses  and  other  animals  by  repeated  injections  of  the 
plague  bacillus.  Paltauf  found  that  in  horses  immunized  by  repeated  inoculations 
a  reaction  occurred  in  dilutions  of  1  to  20.  A  distinct  agglutination  occurred 
within  one  hour  in  dilutions  of  1  to  100  with  the  sera  with  which  Markl  worked. 
Kolle  and  Martini  with  lens  virulent  cultures  of  the  pest  bacillus  obtained  a 
reaction  within  one  hour  in  dilutions  of  1  to  1,000  to  1  to  6,000.  Kolle  and 
Otto"  in  the  study  of  two  pest  inmiune  sera  found  that  agglutination  occurred 
within  fifteen  minutes  in  a«  high  dilutions  as  1  to  400.  Klein"  also  reported 
that  the  blood  of  vaccinated  guinea  pigs  showed  an  agglutinative  value  in  dilu- 
tions of  1  to  20  or  1  to  30,  the  reaction  occurring  in  fifteen  minutes. 

The  German  Plague  Commission  and  Kossel  and  Overbeck*"  emphasized  the 
difliculty  or  impossibility  of  securing  a  suspension  of  the  freshly  grown  pest 
bacillus  which  microscopically  was  free  from  clumps  of  the  organism,  and  there- 
fore they  recommended  that  the  test  should  be  made  macroscopically  in  the  test 
tube  and  the  reaction  observed  with  the  assistance  of  a  hand  lens.  The  time 
recommended  for  the  observation  of  the  test  was  from  one-half  to  one  hour,  the 
suspension  being  placed  in  the  incubator  at  37°  C.  for  this  period.  However,  Kolle 
and  Martini  recommended  that  the  reaction  be  noted  after  five  minutes,  since 
in  their  experience  spontaneous  precipitation  of  the  bacteria  sometimes  occurred 
after  one  hour. 

Klein  "^  pointed  out  that  cultures  of  the  pest  bacillus  on  agar  possess  a  sticky, 
viscid  growth  due  to  the  proiluction  of  a  gelatinous  interstitial  substance  which 
is  insoluble  in  bouillon.  He  therefore  recommended  i)liysiological  salt  solution 
as  a  medium  for  preparing  the  suspension.  He  also  found  that  the  addition  of 
bouillon  to  a  saline  susi)ension  of  the  pest  organism  caused  clumping  of  the 
bacteria. 

Gauthier  and  Raybaud  "  found  that  precipitation  of  the  bacteria  also  frequently 
occurred  with  plague  cultures  grown  on  gelatine  and  suspended  in  saline  solution 
and  that  after  two  hours  a  spontaneous,  fiocculent  sedimentation  which  resembled 
true  agglutination  was  apt  to  form. 

Tn  my  studies  of  the  agglutination  of  the  pest  bacillus,  I  have  fre- 
quently found  the  same  difficulty  in  securing  complete  suspensions  of 
the  organisuis  owing  to  their  sticky,  viscid  growth,  even  when  saline 

°*  Mitt.  a.  d.  sektion  f.  Hyg.  d.  Kongress  des  Ass.  francaise  pour  Pavancement 
des  sci.  tenu  Grenoble  1004,  Arrh.  f.  Schiffs  ?/.  Trop.  Uytj.    (1005),  9,  89. 
"  U'iV/i-  Klin.  M'vhnsch.   (1807),  10,  5:^7. 
'^""Venirhl.  f.  BnhtcrioL   (1001).  29,  810. 
^''Deutsche  mciJ.  \Vchnfich.    (1002),  28,  40. 

'*'  yAschr.  f.  Hy<i.  u.  Infrrtionskniukh.  Leipz.    (1002).  40,  50").  ^ 

''' Ai-b.  a.  (I.  k.  asndhtsamie,  Berl.    (1002),  18,  114. 
*"' Liincvi   (1001),  1,  45(i,  15:jr>. 
•"  Ibid. 
"'Vampi.  rend.  Soc.  de  bioL,  Par.   (1004),  56,  301. 
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solution  has  been  used.     The  method  employed  in  making  these  suspen- 
sions has  been  as  follows: 

One  cubic  centimeter  of  an  0.85  per  cent  saline  solution  has  been  placed  in  a 
small  test  tube  and  1  oese  of  a  24-or  48-liour  agar  culture  of  the  organism  has 
been  introduceil  into  the  tul)e,  thoroughly  rubbed  up  against  the  walls  by  means 
of  the  oese  and  the  bacteria  gradually  moistened  with  the  saline  solution.  While 
the  suspensions  obtained  with  some  pest  cultures  in  this  manner  are  satisfactory, 
a  complete  su.s|K»nsi(m  of  the  orgjinism  can  not  Ik?  produced  with  others  and  it 
is  necessary  to  combine  the  susiKmsions  and  either  filter  or  allow  them  to  stand 
until  the  larger  clumps  of  bacteria  have  settled  to  the  bottom  of  the  tube,  when 
the  supernatant  fluid  may  be  drawn  off  with  a  pipette. 

However,  while  satisfactory  suspensions  are  apparently  obtained  by 
these  methods,  the  greatest  difficulty  is  experienced  with  certain  cultures 
of  this  organism  in  keeping  the  bacteria  in  suspension  for  a  longer 
period  than,  at  most,  one  or  two  hours.  After  this  time  the  organisms 
begin  to  precipitate  and  sometimes  at  the  end  of  two  or  three  hours 
the  bacteria  may  have  settled  almost  entirely  to  the  bottom  of  the  tube, 
the  supernatant  fluid  al>ove  appearing  almost  clear.  This  phenomenon 
is  particularly  marked  with  the  much  attenuated  plague  cultures. 

I  have  followed  the  suggestion  of  Shibayama^^  of  growing  the  bacillus 
in  the  ice  box  at  a  temperature  of  from  5°  to  8°  C,  with  the  object 
of  obtaining  a  less  sticky  and  viscid  growth  of  the  pest  bacillus  and 
thus  securing  a  more  satisfactory  suspension  of  the  organism  in  saline 
solution.  However,  while  I  have  found  that  with  cultures  which  have 
grown  for  a  numl>er  of  generations  at  such  a  temperature  a  much  less 
viscid  gro\Hh  apparently  is  obtained  and  one  which  may  easily  be 
suspended  in  the  saline  solution,  on  the  other  hand  the  bacteria  so 
grown  become  spontaneously  precipitated  from  the  saline  suspensions 
in  a  much  shorter  time  than  do  the  organisms  of  the  same  strain  grown 
at  a  temperature  of  30°  C.  I  have  also  found  that  the  addition  of 
normal  serum  to  sus])ensions  of  the  pest  bacilli  in  saline  solution  some- 
times retards  and  sometimes  increa.ses  the  tendency  of  the  bacteria  to 
settle  out  of  the  fluid.  For  these  reasons  pseudo- reactions  are  not 
infrequently  encountered  in  performing  agglutination  tests  with  the 
plague  bacillus,  an<1  great  care  is  sometimes  necessary  to  distinguish  such 
reactions  from  those  of  true  agglutination.  Therefore,  it  is  advisable 
to  perform  in  duplicate  all  tests  for  agglutination  with  the  different 
dilutions  of  the  serum  and  at  the  same  time  to  carry  on  a  parallel  series 
of  experiments  in  the  same  dilutions  with  a  normal  serum  from  an 
animal  of  the  same  species  and,  moreover,  to  repeat  all  the  tests  with 
another  transplant  of  the  same  culture  upon  the  following  day.  Only 
by  taking  these  prcnautions  is  it  possible  to  distinguish  certain  pseudo- 
agglutinations  of  the  jK'st  bacillus  from  true  ones.     WTien  testing  the 
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agglutinative  reaction  of  supposed  plague  immune  sera,  I  have  occa- 
sionally encountered  pseudo-agglutinative  reactions  in  the  control  tubes 
containing  normal  serum  and  suspensions  of  plague  bacilli,  which 
could  not  be  distinguished  from  those  of  true  agglutination.  In  the 
tubes  in  some  instances  were  seen  typical,  flocculent  precipitates,  visible 
to  the  naked  eye  and  which  settled  to  the  bottom,  leaving  "the  overlying 
liquid  clear.  Such  reactions  occurred  at  the  same  time  in  the  same 
dilutions  of  the  immune  serum  which  was  being  tested,  -  but  not  in 
the  test  tubes  containing  the  suspensions  of  bacilli  alone,  and  hence 
if  the  control  tubes  with  normal  serum  had  not  been  prepared,  the 
reactions  unquestionably  would  have  been  considered  as  true  agglutinative 
ones,  which  they  certainly  were  not.  It  is  true  that  the  precipitation 
obtained  in  these  instances  disappeared  to  a  greater  or  less  extent  on 
shaking  the  tube  and  it  then  re-formed  slowly,  but  notwithstanding 
statements  in  the  literature  to  the  contrary,  the  same  phenomenon 
(disappearance  of  the  precipitation  on  shaking)  occurs  in  the  true  agglu- 
tination not  only  of  plague  but  also  of  cholera,  and  certain  other  micro- 
organisms. 

From  what  has  been  said  above  it  is  evident  that  the  time  limit  for 
the  completion  of  the  agglutinative  reaction  of  the  plague  baciUus  is  very 
important.  Most  observers  have  limited  the  time  of  the  reaction  to 
within  two  hours.  However,  Shibayama,®®  who  concluded  that  72-hour 
cultures  of  the  plague  bacillus,  cultivated  in  the  ice  box,  are  agglu- 
tinatined  in  much  higher  dilutions  than  are  the  same  strains  grown 
at  32°  to  37°  C,  drew  his  conclusions  from  an  examination  of  the 
reaction  after  twenty-four  hours.  In  this  connection  I  here  shall  record 
some  recent  experiments  performed  with  two  sera  obtained  from  monkeys 
which  had  been  immunized  against  plague  and  with  one  senmi  from,  a 
normal  monkey.  The  agglutinative  values  of  these  three  sera  were  tested 
in  dilutions  of  1  to  10  and  1  to  20,  first  with  72-hour  cultures  of  a 
virulent  pest  strain  which  had  been  cultivated  for  six  generations  in 
the  ice  box  at  a  temperature  of  from  5°  to  10°  C.  and  second  with 
48-hour  cultures  of  the  same  strain  cultivated  for  the  same  number 
of  generations  at  30°  C.  The  readings  of  the  reactions  were  made  after 
one  and  one-half  hours  and  were  all  found  to  be  negative,  no  traces 
of  agglutination  appearing  in  any  of  the  tubes.  After  sixteen  hours 
the  tubes  were  all  examined  again.  At  this  time  in  those  containing 
the  suspensions  which  were  made  with  the  bacteria  cultivated  at  5°  to 
10°  C.  there  was  almost  complete  precipitation  of  the  organisms,  the 
overlying  liquid  being  clear  in  all,  including  the  control  tubes  with 
normal  serum  and  those  containing  suspensions  of  the  bacteria  in  saline 
solution  with  no  serum,  as  M'ell  as  the  tubes  with  the  immune  sera. 
In  the  tubes  which  contained  the  serum  and  suspensions  of  the  organisms 
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cultivated  at  30°  C.  there  was  almost  no  precipitation  of  the  bacteria, 
the  fluid  still  being  cloudy.  My  experience  has  led  me  to  conclude 
that  the  time  limit  of  the  agglutinative  reaction  with  the  plague  bacillus 
should  be  placed  at  certainly  not  over  one  or  two  hours  at  37°  C. 
at  the  most,  since  after  this  time  the  results  may  be  very  inaccurate 
and  confusing  owing  to  the  tendency  of  the  bacteria  to  become  spon- 
taneously precipitated. 

The  testing  of  scrum  supposed  to  contain  relatively  small  amounts  of 
plague  agglutinins  has  been  very  unsatisfactory  where  jt  was  neces- 
sary to  employ  concentrated  mixtures  of  the  serum,  for  example  in 
dilutions  of  0.5  or  0.25.  As  already  mentioned,  the  density  and  viscosity 
of  the  serum  in  these  dilutions  evidently  somewhat  retards  the  aggluti- 
nation of  the  pest  organism,  as  was  evident  from  the  fact  that  the  reaction 
occurred  in  some  of  the  experiments  in  the  higher  but  not  in  the  lower 
dilutions.  This  phenomenon  of  retardation  can  not  be  explained  on  the 
assumption  of  the  presence  of  agglutinoid,  since  it  was  noted  in  several 
instances  with  perfectly  fresh  sera.  It  may  sometimes  be  observed  in 
fresh,  specific  immune  sera  with  other  bacteria  and  must  be  ascribed  to 
physical  causes,  the  discussion  of  the  nature  of  which  will  not  be  entered 
into  here. 

1  have  concluded  from  a  large  number  of  experiments  that  the  agglu- 
tinins are  formed  slowly  and  only  in  very  small  amounts  in  animals 
which  are  being  immunized  against  pest  infection  and  that  they  only 
occur  in  demonstrable  quantities  in  those  which  have  been  very  highly  im- 
munized. At  most,  only  very  minute  traces  of  these  substances  are  encoun- 
tered after  single  inoculations  of  either  the  killed  or  the  living  organisms, 
no  matter  how  large  the  dose  which  is  employed.  I  am  convinced  that 
in  my  earlier  experiments  with  plague  agglutination  I  sometimes  mistook 
pseudo-agglutinations  of  the  pest  bacillus  for  true  ones,  and  from  a 
study  of  the  literature  it  seems  to  me  very  likely  that  other  observers 
have  also  erred  in  this  respect.  A  study  which  I  have  made  of  the  blood 
sera  of  guinea  pigs  which  have  been  vaccinated  against  pest  infection  and 
which  have  later  shown  themselves  to  be  immune  to  lethal  and  multiple 
lethal  doses  of  the  pest  bacillus  has  demonstrated  that  practically  no  traces 
of  agglutinins  exist  in  such  sera.  The  same  may  be  said  of  the  sera  of 
other  animals  immunized  in  a  similar  manner.  Monkeys  which  have  first 
been  vaccinated  with  attenuated  post  cultures  or  inoculated  with  killed 
cultures,  and  which  have  afterwards  been  shown  to  be  immune  to  pest 
infection  by  the  injection  in  increasing  doses  of  from  i  oese  to  nearly 
1  entire  agar  slant  culture  of  the  living  virulent  strain,  still  have 
developed  in  their  sera  practically  no  traces  of  agglutinins.  Indeed  it  is 
very  difficult  to  immunize  monkeys  to  such  a  high  degree  that  the 
blood  of  the  animals  shows  the  presence  of  plague  agglutinins.  In  a 
series  comprising  twelve  monkeys    (numbers   1233,   1233,   1239,   1240, 
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1247,  1286,  1287,  1300,  1301,  1302,  1357,  1358),  in  which  an  attempt 
was  made  gradually  to  immunize  these  animals  with  the  strain  "Pest 
Virulent"  up  to  such  a  degree  that  these  anti-hod ies  would  be  demon- 
strable in  their  blood,  only  two  were  able  to  survive  the  inoculations 
when  the  immunization  had  reached  the  point  in  which  the  agglutinins 
could  l>e  detected  even  in  small  amounts.  (Xumbers  1300  and  1357. 
See  agglutiuation  cxpi^rimonts,  p.  24().)  The  remaining  ten  animals 
succumbed  either  to  ])wt  infection  or  intoxication  as  a  result  of  the 
injections,  before  agglutinins  could  l>e  shown  to  exist  in  their  blowl. 
Moreover,  notwithstanding  the  fact  that  from  i  to  ^  oese  of  this  strain 
"Pest  Virulent"  represented  a  certain  lethal  dose  for  normal  animals  of 
this  specii»s  and  although  these  monkeys  were  immunized  to  such  an 
extent  that  in  a  number  of  instances  thev  were  able  to  resist  and  survive 
the  inoculations  of  such  large  amounts  as  G  to  8  oesen  of  this  organism 
(over  twelve' timers  the  maximum  fatal  dose),  agglutinins  were  still  not 
present  in  sufficient  (pumtities  to  be  demonstrable  in  their  blood. 

Only  small  quantities  of  agglutinins  could  be  detected  in  the  exam- 
ination of  several  pest  immune  sera  which  were  prepared  from  horses 
and  which  were  known  to  possess,  in  two  instances  at  least,  considerable 
protective  (anti-infectious)  power. 

A  horse  which  was  being  immunized  against  pest  and  which  had 
acquireil  a  sufficient  immunity  to  M-ithstand  the  injection  of  nearly  10 
agar  cultures  of  a  virulent  pest  strain,  gave  a  serum  which  at  this  time 
showed  an  agglutinative  reaction  in  dilutions  of  1  to  10,  but  none  above 
this  strength.  However,  at  the  same  time  1  cubic  centimeter  of  this 
serum  protected  from  fatal  pest  infection  about  (JO  per  cent  of  the  white 
rats  inoculate<l.  (S(h?  Series  45),  p.  284.  A  })est  immune  serum 
obtained  from  Asia,  which  ])rotected  about  72  per  cent  of  the  inoculated 
rats  against  fatal  })est  infection  in  doses  of  from  1  to  2  cubic  centimeters 
(see  Series  8,  10,  and  20,  pp.  274,  and  281),  when  carefully  tested 
with  the  virulent  pest  strain  showed  no  agglutinative  reaction  after  three 
hours.  However,  it  must  be  stated  that  at  the  time  its  anti-infectious 
and  agglutinative  reactions  were  t(\sted  this  serum  had  been  bottled 
for  about  a  year.  A  second  pest  serum  purchased  from  Asia  which 
showed  a  soniewliat  lower  protective  power  (see  Series  27,  p.  283)  also 
revealed  no  agglutination  when  tested  with  the  strain  "Pest  Avirulent*" 
This  serum  had  been  bottled  about  nine  months.  MorH)ver,  a  laboratory 
immune  serum  which  possessed  a  higher  anti-infectious  power  and  which 
protected  about  i)()  i)er  cent  of  the  inoculated  white  rats  against  plague 
infection  (s(h^  Series  5;?,  p.  28())  in  doses  of  1  cubic  centimeter  also 
showed  almost  no  agglutinative  reaction  against  the  virulent  strain  givinf 
(mlv  a  weak  react i(m  in  a  dilution  of  1  to  10. 

The  following  selected  experiments  justify  the  ])rece(ling  remarks  upo 
agglutination.     Exj)eriments  juTfonued  with  a  number  of  animals  le 
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highly  immunized  and  in  which  the  blood  also  showed  no  agglutination 
will  not  be  given.  The  reactions  were  all  performed  with  the  virulent 
strain,  excepting  in  a  few  instances  when  it  is  so  stated,  and  by  the 
macroscopic  method.  One  oese  of  tlie  bacteria  was  suspended  in  1  cubic 
centimeter,  0.85  per  cent  saline  solution  and  1  cubic  centimeter  pf  the 
serum  to  be  tested,  diluted  with  saline  solution,  was  added  to  the  suspen- 
sion. It  is  perhaps  unnecessary,  to  state  tluit  the  microscopic  method  of 
oKserving  agglutination  witli  the  plague  bacillus  is  entirely  untrustworthy. 

DETAILS   OF   THE   EXPERIMENTS. 

Monkey  number  1231. — Vaccinated  Octolxr  10  with  1  culture  "Pest  Avirulent." 
Reinoculaied  Octol)er  20  by  thrusting  l>eneat]i  tlie  skin  a  5  cubic  centimeter 
syringe  needie  whicli  had  l)een  dipped  in  a  suspension  of  **Pest  Virulent."  On 
October  28,  1  oese  "Pest  Virulent"  was  inoculated  subcutaneously ;  on  November  16 
tlic  animal  was  killed,  and  the  agglutination  of  the  serum  tested  in  dilutions 
1 :  2  and  1:4;  two  controls  of  the  reactions  ( of  the  bacterial  suspension  without 
serum)   were  perfornie<i.     All  were  negative  after  one  and  four  hours. 

Rabbit  number  19G0. — May  11:  One  48-hour  slant  culture  of  "Pest  Avirulent" 
in  1  cubic  centimeter  of  bouillon  was  injected  intravenously.  The  agglutination 
was  tested  twelve  days  later  in  dilutions  of  1 :  20,  1 :  40,  1 :  80,  1 :  160,  1 :  320,  two 
controls  of  the  reaction  (of  the  bacterial  suspem^ion  without  serum)  were 
prepared.  All  the  reactions  were  negative  after  one  and  three-fourths  hours. 
After  sixteen  hours,  pseudo- react  ions  in  dilutions  of  1 :  20  to  1 :  60  were  observed, 
the  bacteria  being  precipitated  and  the  suspensions  appearing  clear;  the  two 
<»ntrol  reactions  were  negative.  The  serum  was  again  tested  on  the  following 
day  in  dilutions  of  1:  40,  1 :  80,  1:  160,  with  two  controls.  The  reactions  were 
all  negative  after  one  hour.  After  sixteen  hours,  pseudo- reactions  in  the  dilution 
of  1 :  40  were  observed.  Three  days  later  the  serum  was  again  tested  in  dilutions 
of  1 :  5  and  1:  10  and  two  controls  (without  serum).  The  results  were  negative 
after  one  and  one-half  4iours.  After  sixteen  hours  pseudo- reactions  in  dilutions 
of  1 :  5  and  1:  10  were  observed;  both  controls  were  negative. 

Normal  rabbit's  serum  was  tested  on  this  same  date  in  dilutions  of  1:5 
and  1 :  10,  with  two  controls  of  the  bacterial  suspension.  All  were  negative  after 
one  and  one-half  hours.  After  sixteen  hours  pseudo-reactions  in  dilutions  of 
1 :  5  and  1 :  10  were  observed ;  Iwtli  controls  were  negative. 

Rabbit  number  liUil. — Mav  12:  One  48-hour  culture  of  "Pest  Avirulent,"  sus- 
pended  in  1  cubic  centimeter  of  bouillon,  was  injected  intravenously.  Twelve 
days  later  the  animal  was  killed  and  the  agglutinaticm  tested  in  dilutions  of 
1 :  20,  1 :  40,  1:  80,  1 :  160,  1  :  320.  Three  ccmtrols  of  the  reactions  without  serum 
and  1  control  with  normal  rabbit  serum  in  a  dilution  of  1 :  .30  were  performed. 
After  one  hour  pseudo-agglutinati<m  was  observed  in  the  dilutions  of  1  :  20  and 
1:40.  The  remaining  tubes  were  nil  negative;  after  sixteen  hours  pseudo- 
reactions  took  place  in  dilutions  of  from  1  :  20  to  1 :  80.  The  same  serum  tested 
the  following  day  in  dilutions  of  1 :  2  gave  no  agglutination  after  cme  and  (me-half 
hours. 

R<ibbit  number  106S. — Inoculated  intravenously  with  5  cubic  centimeters  of 
Haffkine'fl  prophylactic.  Five  days  after  the  inoculation  the  animal  was  killed 
and  the  agglutination  tested  in  dilutions  of  1 :  2  and  1 :  .5,  with  two  controls. 
The  results  were  negative  after  two  and  sixteen  hours. 

Rabbit  number  liHi'). —  Inoculated  with  5  cubic  centimeters  of  llaffkine's  prophy- 
lactic intravenously.     Ten  days  later  the  animal  was  killed  and  the  agglutination 
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tested  in  dilutions  of  1:  20,  1:  40,  1:  80,  1:  160,  1:  320;  three  centred  of  the 
bacterial  suspension  without  serum  and  two  controls  with  normal  serum  in  dilu- 
tions of  1:10  and  1:40  w^ere  prepared.  After  one  hour  all  reactions  were 
negative;  after  sixteen  hours  precipitation  of  the  bacteria  occurred  in  dilutions 
of  1 :  20  and  1 :  40  and  in  the  normal  serum  in  dilutions  of  1 :  10.  The  same 
serum  tested  the  following  day;  in  dilutions  of  1:2,  gave  a  reaction  after  one  and 
one-half  hours. 

Rabbit  number  1967. — Two  cubic  centimeters  of  the  autelyzed  product  obtained 
from  20  milligrams  of  the  strain  "Pest  Virulent"  were  injected  intravenously; 
the  animal  was  killed  ten  days  later  and  the  agglutination  in  dilution  of  1 :  2 
tested.     The  reaction  was  negative  after  one  and  one-half  hours. 

Rabbit  number  1968. — Inoculated  in  the  same  manner  as  number  1967  and  with 
the  same  results. 

Monkey  number  1278. — Inoculated  subcutaneously  October  19  with  1  agar 
culture  of  "Pest  Avirulent;"  on  October  30  inoculated  subcutaneously  with  2 
oesen  of  "Pest  Virulent."  On  November  17  the  animal  was  killed  and  the  agglu- 
tination tested  in  dilutions  of  1:2,  1:4,  with  two  controls  without  serum.  The 
reactions  were  all  negative  after  four  hours. 

Monkey  number  1285. — ^Inoculated  October  20  by  thrusting  beneath  the  skin 
a  5  cubic  centimeter  syringe  needle  dipped  in  a  suspension  of  the  strain  "Pest 
Virulent;"  on  October  25  the  animal  was  reinoculated  with  2  oesen  of  "Pest 
Virulent;"  on  November  17  it  was  killed  and  the  agglutination  tested  in  dilutions 
of  1 :  2  and  1 :  4,  with  two  controls  of  the  bacterial  suspension  without  serum. 
All  reactions  were  negative  after  two  hours. 

Monkey  number  1286. — October  20:  The  skin  over  the  abdomen  was  scarified 
and  a  suspension  of  "Pest  Virulent"  rubbed  over  this  area.  On  October  25,  1 
oese  of  "Pest  Virulent"  was  injected  subcutaneously;  on  December  2,  §  of  an 
agar  slant  of  "Pest  Virulent"  was  given  subcutaneously;  on  December  14,  f  of 
an  agar  slant  of  "Pest  Virulent"  was  injected  subcutaneously;*  on  December  16 
the  animal  died.  The  serum  was  tested  on  November  17  in  dilutions  of  1 :  2  and 
1 :  4.     Both  were  negative  after  two  hours. 

Monkey  number  1287. — Inoculated  exactly  as  monkey  number  1286  up  to 
December  14;  the  animal  died  on  December  15,  the  day  after  the  last  inoculation. 
Tlie  serum  was  tested  on  the  following  day  in  dilutions  of  1:2  and  1:4;  the 
result  was  negative  after  two  hours. 

Monkey  number  1300. — October  25,  two  agar  slant  cultures  of  "Pest  Avinilent" 
injected  subcutaneously;  November  10,  i  oese  "Pest  Virulent;"  on  December  2, 
2  oesen  of  "Pest  Virulent"  were  given;  on  December  14,  4  oesen  "Pest  Virulent;" 
on  February  15,  one  48-hour  agar  slant  of  "Pest  Virulent"  and  on  February  27, 
two  48-hour  agar  slants  "Pest  Virulent"  were  injected.  March  10  the  aggluti- 
nation was  tested  in  dilutions  of  1 :  2  and  1 :  10.  After  two  hours  there  was 
positive  agglutination  in  dilutions  of  1 :  2,  the  fluid  being  almost  entirely  clear. 
A  slight  precipitation  of  the  bacteria  was  observed  in  the  dilution  of  1 :  10. 

Monkey  number  1357. — November  2,  infected  with  a  10  cubic  centimeter  syringe 
needle  dipped  in  a  suspension  of  "Pest  Virulent;"  on  December  2,  J  of  an  agar 
slant  of  "Pest  Virulent"  was  inoculated  subcutaneously;  on  December  14,  f  of 
an  agar  slant  subcutaneously;  on  January  10,  1  agar  slant  of  "Pest  Virulent;" 
on  February  1,  1^  agar  slants  of  "Pest  Virulent;"  on  February  27,  2  agar  slants 
of  "Pest  Virulent;"  on  March  15,  3  agar  slants  of  "Pest  Virulent."  The  animal 
died  on  March  17.  The  agglutination  in  the  dilutions  of  1 :  5  was  positive,  the 
fluid  being  clear  after  one  hour;  in  the  dilution  of  1:  10  there  was  a  positive 
weak  reaction  after  four  hours. 

Monkey  number  2660. — Inoculated  October  27.  One  48-hour  culture  of  killed 
"Pest  Virulent"  being  given  subcuttineously;  on  November  28,  reinoculated  with 
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§  oese  "Pest  Virulent;"  on  December  28  with  9  cultures  of  killed  "Pest  Virulent," 
subcutaneously.  On  January  10,  the  animal  was  killed.  The  agglutination  tested 
in  dilutions  of  1:  5,  1:  10  and  1 :  20  were  all  negative  after  two  hours. 

Monkey  number  2720. — October  29,  one  agar  culture  "Pest  Avirulent"  injected 
subcutaneously;  on  November  28,  §  oese  "Pest  Virulent"  given  subcutaneously; 
on  December  29,  1  oese  of  "Pest  Virulent"  given  subcutaneously;  on  February  7 
the  animal  was  bled  and  the  serum  tested  for  agglutination.  Tlie  serum  of 
monkey  number  2666  (see  above)  and  of  monkey  number  3053  (normal  serum) 
were  also  both  tested  on  this  date  with  72-hour  cultures  of  "Pest  Virulent"  grown 
in  the  ice  box  for  six  generations  and  with  cultures  grown  for  the  same  length 
of  time  and  for  the  same  number  of  generations  at  30°  C. 

The  results  obtained  are  as  follows: 

Table  No.  I. — Serum  of  immune  mojilry  number  2666 — Agglutbuit'mn  tests  with  cultures 

grown  for  six  generations  in  ice  box  and  at  S0°  C. 

[The  term  "control"  throughout  the  experiments  signifies  a  8Uspen.sion  of  the  bacteria  in  saline 

solution  without  the  addition  of  serum.] 


GROWN  IN  ICE  BOX. 

Dilutions. 

After  14  hours. 

After  16  hours. 

1:10 
1:20 

j  Control. 

IControl. 

Negative 

Heavy  precipitate.    Fluid  clear. 
Do. 
Do. 
Do. 

do 

do 

do - 

GROWN  AT  30°  C. 

1:10 

1:20 
/Control. 
IControl. 

Negative 

Negative.     Fluid     not     clear.     Prac- 
tically no  precipitate. 
Do. 
Do. 
Do. 

do 

do 

do 

Table  No.  II. — Serum  of  immune  monkey  number  ^20 — Agglutination  tests  with  cultures 

grouiifor  six  generations  in  ice  box  and  at  S0°  C. 


GROWN  IN  ICE  BOX. 

Dilutions. 

After  U  hours. 

Negative 

do 

do. 

After  16  hours. 

1:10 
1:20 

(Control. 

IControl. 

Heavy  precipitate.    Fluid  almost  clear. 
Heavy  precipitate.    Fluid  clear. 

Do. 

Do. 

do 

GROWN  AT30OC. 

1:10 
1:20 

(Control. 

IControl. 

Negative 

Slight  precipitate.    Fluid  not  clear. 
Negative. 

Do. 

Do. 

do 

do 

do 
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Table  No.  III. — Normal  nerum  of  monkey  number  S053 — AggUUinntion  testx  with 
cultures  grown  for  six  generations  in  ice  box  and  at' 30^  C, 


GROWN  IN  ICE  BOX. 

Dilutions. 

After  Ul 

Negative . 

do™. 

do.... 

tioum. 

After  16  hours. 

1:10 

Heavy  precipitate.    Fluid  almost  clear. 
Do. 
Do. 
Do. 

• 

1:20, 
rControl. 
IControl. 

do.... 



GROWN  AT  30°  C. 

1:10 
1:20 

rCJontrol. 

IcJontrol. 

Negative  . 

do 

do.... 

do..-. 

Slight  precipitate.    Fluid  not  clear. 
Do. 
Do. 
Do. 

Guinea  pig  number  SOSl. —  Inoculated  sul)cutaneouHly  January  20  with  one-half 
24-hour  culture  of  "Pent  Virulent"  partially  attenuated.  The  animal  died 
February  11,  thirteen  days  after  its  inoculation,  of  advanced  pest  pneumonia  and 
pest  bubo.  Agglutinative  valuers  of  tlie  serum  of  this  animal  and  of  the  serum  of  a 
normal  guinea  pig  (numl>er  8053)  were  teste<i  in  dilutions  of  1:5  and  1:  10;  the 
reactions  were  negative  after  two  hours.  After  three  hours,  a  moderate  precipi- 
tation occurretl  in  all  of  the  tubes;  quite  as  marked  in  those  without  serum  as 
in  the  tubes  with  normal  serum  and  in  those  of  the  pest  guinea  pig  serum. 

Guinea  pig  number  2636. — October  2(>,  one  culture  of  "Pest  Avirulent"  given 
subcutaneously. 

Guinea  pig  number  26^iH. — October  2(5,  one  culture  "Pest  Maassen  Alt'*  given 
suboutaneously.  On  November  2rt  both  animals  were  reinoculated  cutaneously 
witli  5  oescn  of  a  susix^nsion  of  "Pest  Virulent;"  on  January  17  they  were 
reinoculated  cutamK>usly  with  a  iM)rtion  of  the  spleen  of  a  guinea  pig  (number 
2993)  which  had  just  dietl  of  p(»st;  the  alnlomen  being  deeply  scarified.  On 
Februar\'  7,  lK>th  animals  were  killed  and  the  agglutination  of  their  sera,  together 
with  normal  guinea  pig  serum  (numlM»r  3053).  tested  in  dilutions  of  1 :  2  and  1:  4. 
Tlie  reactions  were  all  negative  after  one  hour;  after  sixteen  hours  a  precipitation 
of  the  bacteria  in  nearlv  all  of  the  tul)es  occurred. 

Pest  immune  horse  serum  Xumber  I  purchased  from  Asia.  This  serum  in 
(loses  of  1  to  2  cubic  centimeters  protected  against  fatal  i)est  infection  about 
'72  per  cent  of  the  rats  inoculated.  (  S<h'  Series  8.  10,  and  20,  pp.  274,  275 
and  281.)  The  agglutination  was  t(*ste<l  with  the  strain  "Pest  Virulent" 
(second  transplant)  in  dilutions  of  1:2.  1:  5.  1:  10,  1:  20;  controls  with  normal 
horse  serum  in  dilutions  of  1:2,  1:  5,  1:  10,  and  two  controls  with  saline  solution 
without  serum  were  also  pre])arcd.  After  thr(M»  hours  all  the  reactions  were 
negative;  after  sixteen  hours  sedimentation  occurre<l  in  the  majority  of  the  tubes. 
In  n(me  of  the  tubes  was  tlie  s<»dinient  more  marked  than  it  was  in  one  of  the 
control  tulx's  of  tlie  bsictcria  without  serum. 

Pest  im^nunc  strum  Sumhrr  If  (obtained  from  horse),  its  anti-infectioua  power 
(see  Series  27)  being  somewhat  lower  than  tliat  of  Serum  Number  I.  The 
agglutinative  value  was  testcnl  with  three  strains  of  pest  Imcilli  of  different 
virulence;  at  the  same  time  a  normal  nionkev  serum  was  tested  for  control 
purposes.     The  results  obtained  are  as  follows: 
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Table  No.  IV. — Foreiffti  Serum  Number  II  an f I  normal  monkey  serum — Agglutination 

tests  January  17. 


FOREIGN  SERUM  NUMBER  11. 


Dilutions. 


After  1     I      After  U         Af»rtr'>^/^n«! 
hour.      I       hours.         After  2  hours. 


Virulent 
strain. 


1:2'  Negative  . 


1:10 


.do 


A  virulent  I 
,       strain.     ]        1:10 


Control.  I do 

1:2   do. 


V  Control. 


Positive  — 
Negative  _ 


Slight   pre- 
cipitate. 
do 


Distinct   pre- 
cipitate. 
._^_.do 


After  21  hours. 


Negative  -—I  Negative 
Positive I __. 

do 

do i 


Marke«1  precipitate.    Fluid  not 

entirely  clear. 
Very  heavy  precipitate.    Fluid 

cleared. 
Negative. 

H  e  a  v  y     precipitate.       Fluid 
cleared. 
Do. 
Do. 


NORMAL  MONKEY  SERUM. 


Virulent 
strain. 


1:2 
1:10 


1 

{ 
\ 


Avirulent 
strain. 


,  Control. 
1:2 

1:10 

Control. 


Negative 
.—.do ... 


-do 


Negative  —_ 
do 


do- 

Positive 

do- 


Negative  

Bacteria    be- 
ginning   to 
sediment. 
Negative 


do 


Negative. 

Heavy  precipitate.    Fluid  not 
entirely  clear. 

Negative. 

Moderate  precipitate.      Fluid 
not  clear. 

Heavy  precipitate.    Fluid  en- 
tirely cleared. 
Do. 


From  the  above  experiments  we  can  conclude  only  tliat  the  precipitate  of  the 
^>acteria  is  coarner  grained  and  that  it  occurs  somewhat  earlier  in  the  immune 
*r"*erum  than  in  the  normal  monkey  serum. 

ABLE  No.  V. — Foreign  Serum  Xumher  II  and  immune  monkey  serum — Agglutination 

tests  January  18. 


Dilutions. 


FOREIGN  SERUM  NUMBER  II. 
After  li  hours. 


After  2  hours. 


Maassen 
strain. 


After  5  hours. 


Virulent 
strain 


M 


1:2     Negative Negative '..  Negative. 

1:10    do... do Do. 

1:20  I do [  Sediment  beginning  to  form Pcwitivc  weak. 

Control.    do i  Negative Negative. 

Control.    do do  _.  Do. 

1:10   dt) do Do. 

Contnjl -<lo do Do. 


IMMUNE  MONKEY  SERUM. 


Maajwen 

strain.       „     ,    , 
Control. 

,  Control. 

Virulent    f     *  1:10 

strain.     I  Control. 


1:2  I  Negative         ..         Negative Negative. 

1:10   do... I  I'ositive* Positive. 

1:20  ; do do.* Do. 

..do Negative Negative. 

do ' do  -- Do. 

do I do _ '  After  5  hours.* 

do do '  Negative. 


*A  sedimentation  ia  occurring  and  particles  are  collecting  in  the  fluid,  strongly  simulating  aggluti- 
Elation. 
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Pest  immune  serum  Number  III  from  a  horse  in  the  process  of  immu- 
nization by  Dr.  Ruediger.  The  last  injection  before  bleeding  was  with 
nearly  10  agar  cultures  of  "Pest  Virulent"  intravenously.  The  serum  was 
drawn  and  tested  for  agglutination  fifteen  days  after  this  injection.  A 
horse's  normal  serum  was  also  tested  at  the  same  time.  The  results  are 
as  follows: 


Table  No.  VI. — Immune  serum  Number  1 11  and  normal  serum  (for  control) — January 
23^  agglutination  wiUi  strain  ^*Pest  lirulent'*  second  transplant^  24-hour  cultures. 


IMMUNE  SERUM  NUMBER  lU. 

1 

1 

Dilution. 

After  1  hour. 

After  4  hours. 

After  20  hoan. 

1:2 
1:10 

NegatiTe 

Positive 

Positive 

PosiUve. 
Do. 

do 

NORMAL  SERUM  (FOR  CONTROL). 

1:2 

1:10 

rControl. 

IControl. 

Negative 

do. _ 

Negative 

do-_ 

Negative. 

Very  slight  sediment 

Positive. 

Negative. 

do 

do 

do 

do 

Table  No. 

VII. 

January  25,  the  same  sera  as  in  Table  No.  VI  again  tested,  with  the  following 
results : 


IMMUNE  SERUM  NUMBER  III. 

Dilution. 

After  1  hour. 

After  2  hours. 

After  16  hours. 

1:10 
1:20 

Positive 

Negative 

Positive.    Marked 

precipitate. 
Negative 

Positive  fluid  cleared. 

Considerable  sediment.    Fluid  cleared. 

NORMAL  SERUM  (FOR  CONTROL). 

1:10 

1:20 
rControl. 
1  Control. 

Negative 

_..do 

N^ative 

Considerable     sediment    Fluid     almost 
cleared.                                                ' 

Do. 
Negative.    Slight  precipitate. 

Do. 

do _- 

do L._ 

do _ __. 

do_._ 

do __ 

The  same  sera  were  tested  with  a  24-hour  culture  of  the  strain  "Pest  Avirulent" 
on  this  date.     The  results  were  as  follows: 
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Table  Number  VIII. 


Dilution. 


Immune     r       1 :  10 
Serum.     l€k>ntrol. 

Normal       |       1:10 
Serum.    < 

Icontrol. 


After  1  hour. 


After  2  hours. 


After  16  hours. 


Positive 

Negative  _— 


Positive Positive. 

Marked  precipitate. 
Do. 


do I  Marked  flocculent  precipitate. 

i 

Negative—! 


Do. 


Agglutination  ii^ta  were  made  of  the  .same  horse's  .serum,  the  animal  liaving 
received  10  agar  cultures  intravenouHly  l)efore  this  examination.  The  anti-infec- 
tious power  of  the  serum  at  this  time  was  such  that  1  cuhic  centimeter  protected 
60  per  cent  of  the  inoculated  white  rats  against  fatal  post  infection.  The  results 
arc  as  follows: 


Table  No.  IX. — Immune  nernm   Number   HI  with  strains  ^^Afaasmai  AU**  and  **p€Sl 

AviruU'uf.^* 


MAASSEN  ALT." 


Dilution. 


After  4  hours. 


After  20  hours. 


1:10     Positive Positive.    Fluid  cleared. 

1:20     Negative Moderate  sediment.    Fluid  not  clear. 

1:40 do- - I         Do. 

1:80  do Do. 

(Control.  Very  slight  precipitate  of  bacteria  . . .  I  Do. 
iControl.     Negative Do. 


"PEST  AVI RU LENT." 


Dilution. 


1:10 

1:20 

1:100 

1:1.000 

1:2,000 

(Control . 

IControl. 


After  2  hours. 


Positive  _ 
Negative 

do.._ 

do... 

do... 

do._. 

do  — 


After  4  hours. 


I*ositive.    Fluid  cleared. 

Do. 
Negative,    Slight  .sediment. 

Do. 

Do. 
Sediment.    Fhiid  not  dear. 

Do. 


The  agglutination  of  I*est  immune  serum  Number  IV,  obtained  from 
a  horse,  was  tested  five  months  after  its  preparation,  lis  anti-infeetious 
value  was  such  lliat  1  cnbie  centim(»ter  protected  90  per  cent  of  the 
inoculated  white  rats  against  pest.  '^J'he  agghiti nation  tests  were  made 
with  the  strain  "Pest  Virulent''  (second  transplant)  at  this  time  in 
dilutions  of  1 :  10,  1 :  20,  1 :  100,  1  :  500,  1 :  1,000,  with  two  controls. 
All  were  negative  after  four  hours  except  in  the  dihition  of  1 :  10,  where 
a  weak  positive  reaction  occurred. 

56670 7 
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THE  AGGLUTINATING  PROPERTIES  OF  THE  BLOOD  IN  DCMUNIZED 

HUMAN   BEINGS. 

A  study  of  the  agglutinating  properties  in  the  blood  of  a  number  of 
persons  who  had  been  vaccinated  against  plague,  as  well  as  of  several 
cases  who  had  suffered  with  the  disease,  is  summarized  in  the  following 
table.  The  blood  was  collected  and  tested  from  the  vaccinated  cases, 
from  one  week  to  ten  days  after  the  inoculation.  It  was  taken  from  those 
convalescent  from  plague  ten  days  after  the  subsidence  of  the  fever. 
In  the  two  cases  in  which  it  was  obtained  at  autopsy,  the  patients  had 
lived  ten  and  fourteen  days,  respectively,  after  the  onset  of  the  disease. 
In  order  that  the  tests  might  be  carefully  and  repeatedly  made,  from  10 
to  20  cubic  centimeters  of  blood  was  collected  in  the  living  cases  from 
a  vein  of  the  arm.  In  the  majority  of  instances  reactions  were  at  the 
same  time  performed  with  fresh,  normal  human  serum.  The  sera  were 
all  tested  within  a  day  or  two  after  the  blood  was  drawn.  A  second 
transplant  24-hour  culture  of  the  virulent  strain  was  employed  in  all 
the  tests. 

Table  No.  X. — Tests  of  the  agglutinatxiuj  vahie  of  human  immune  sera. 


Case  No. 

Manner  of  inoc- 
ulation. 

Dilutions. 

Results  and  remarks. 

I 

^    oese    "Peat 

1:2;     1:5;     1:10; 

After  1  hour  all  negative.    After  16  hours 

Avirulcnt;"  1 

1:20;  2  controls 

the  precipitation  of  the  bacteria  is  quite 

week  later  \ 

(no  serum). 

marked  in  all  of  the  tubes  but  not  so 

oese     "Pest 

marked  or  of  so  dense  a  natnre  in  the 

Avirulent." 

control  tubes. 

1:2;     1:5;     1:10: 

After  1  hour  all  negative.    After  16  hours 

1:20;           1:50; 

sediment  in   all    the   tubes   but   more 

1:100;    2     con- 

marke<l in  the  tubes  containing  serum 

trol  8  (no  sennn). 

than  in  the  control  tubes.    The  same 

I 

do 

sera  tested  again  the  following  day  with 
the  ttime  results. 

'  1  control      horse 

Positive  after  1  hour. 

!     pest      immune 

[     serum. 

1:10;      1:20;      4 

After  1  hour  all  negative.    After  16  hours 

controls      ( n  o 

sediment  in  all  the  tubes;  more  marked 

serum). 

in  all  tubes  containing  s  mm  than  in 
control  tubes.  The  same  sera  were 
tested  on  the  following  day  with  similar 

II 

i  oese     "Fest 

results. 

Avirulent." 

2    controls    with 
normal  humnn 
serum,        dilu- 
tions 1 :  10:  1 :  20. 

1 

1:10:   1:20;   1:40; 

After  2  hours  distinct  precipitation  of  bac- 

1 

1:80:    l:lfiO:    2 

teria  in  dilution  of  1:10;  after  2k  hours 

controls    with- 

precipitation appears  also  in  dilutions 

III 

2  oesen  "Pest 
Avirulent." 

out  serum. 

1  control  normftl 
human  serum, 

of  1:80  and  1:160.  Remaining  tubes 
show  no  precipitation. 

1:20. 
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Tarlk  No.  X. — Te»is  of  the  agglutinating  value  of  human  immune  sera — Cont'd. 


Case  No. 


IV 


Manner  of  inoc- 
ulation. 


Dilutions. 


'2  OCtSt'D    "1*08  t 

Avirulent." 


.do 


.do 


VI 


.do 


Vll 


.do 


VII 


.do 


Results  and  remarks. 


,1:10:  1:20;  1:40; 
1:80;  1:160;  2 
controls  with- 
out serum. 


1  control  normal 
human  scrum, 
1:20. 
f  1 : 2;  1 :  10;  2  con- 
trols (no  serum). 

.  1  control  normal 

human  serum, 

1:5. 
1    control    horse 

pest     immune 

serum,  1 :  10. 
1  :10;  1:20;  1:40; 

1 :  80;  3  controls 

(no    serum).  ■ 
Control     normal 

human    serum 
•  1 :  10. 
1:2;    1:10;    1:20; 

1:40;     1:80;     2 

controls   (no 

serum). 
Control     normal 

senim  1:10. 
1:2;   1:10;  2  con-  | 

t  r  o  1  s        (n  o  I 

serum). 
Control     normal 

human    serum 

1:5. 
Control     horse 

pest      immune 

serum  1 : 5. 
1:10:   1:20:  1:40: 

1:80:    1:160;    3 

controls    (no  i 

serum).  , 

Control     normal  j 

human    serum 

1 :  10. 
Con  trol     horse  ■ 

pest      immune 

senmi.  1 :5. 


After  2  hours  faint  precipitation  of  bac- 
teria in  dilution  of  1 :  10.  After  3  hours 
the  same  precipitation  appears  in  the 
dilution  of  1 :  20.  The  control  tube  with 
norma]  serum  and  the  remaining  tubes 
show  no  precipitation  at  this  time. 


r 


Moderate  prt^cipitation  of  bacteria  after  2 
hours  in  dilutions  of  1 :2  and  1 :10.  No 
sediment  in  control  tubes. 

Slight  sediment  of  bacteria  after  3  hours. 


Positive  after  1  hour. 


After  2  hours  marked  precipitate  of  bacteria 
in  dilutions  of  1 :  10  to  1 :  40.  Controls 
negative. 

Negative  after  2  hours. 


After  2  hours  marked  precipitate  of  bacte- 
ria in  dilutions  of  1:2  to  1:40. 


Negative  after  2  hours. 

After  2i  hours  markeil  precipitate  of  bacte- 
ria in  dilution  of  1:2  and  1:10.  Con- 
trols negative. 

After  3  hours  moderate  precipitate  of  bac- 
teria. 

Positive  after  2  hours. 


After  1  hour  marked  precipitate  of  bacte- 
ria in  dilution  of  1:40.  After  2  hours 
marked  prccipit^ite  in  dilutions  of  1 :  10, 
1 :20  and  1  :K0.    Controls  negative. 

Negative  after  2  hours. 


Moderate  precipitate  after  2  hours. 
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Tablr  So.  X. — TeMiv/ the agglaUnating raltu of hur 


i<  lerii — Cont'd. 


Is  and  TenurU. 


l:l«i:   1^120: 


After  2  hoiin  no  ]ititi.'iplliili>  ol  hai^lcHa  IQ 
(uir  of  lubei.  Alter  U  houn  marked 
picclplUW  to   dllathnu  ol    !:.■>.   1:30.    ' 


Alter  i  boan  moderate  pnicipttatlon  ot 
bacteria  In  dilution  of  1 :  10;  after  * 
boart  In  dllatloiH  of  1 :  I>  aod  1 :  30. 


SeontrolH  with- 

J:2;  1:5;  1:1ft 
1  :MI:  B  controls 
wilhoul  Bcnim. 


.  ;Contn)l     normal 


Alter  2  bonn  all  negative.    Alter  18  houn    , 
Durked  precipitation  with  clsatlDg  □( 
fluldlndlluliotHof  1:5,  1:10  aod  I:1U 
Not  in  1:2. 

AlterlhoDmallnegatlTe.  Alter  18  boon 
■narked  precipitation  with  cl(*rlns  of 
fliildlndflullonaof  1  :S.  1:10,  and  1:30.    | 

Controls  DCgadve.  | 

All  negative  alter  1  hoar.  Alter  10  houn 
dilution  1:G  marked  precipitation. 
Other  tuba  negatlTe.  | 

,  ypgBtivc  «((iT  I  Timir.    After  t(  honn   j 

flouculcnt  pn'Clpimtc  strongly  r««em- 
tiilrgiiKglutlnailonftppiMhiliithed 
I     lt>m  nf  lilQofone  nanual  serum  and  In 
'     lhtMlUutlonat]:31nlh«oth[!i.   Precipi- 
tate dlsipp«ani  an  uliaklnx.    Dllntloni 
of  1;3  wllheHphwriimnagallTC.   Alter 
I     1&  3iolin  dUutloiu  ol  l:lOai)d   1;5. 
hCHV]-   pcEdgillaU?.     Dilutions   of   1:2 
I     Htm  negative. 

All  ni'gatlTC  after  1  hour.  Alter  16  houn 
inixlerHti'  preclpltMir  of  bacteria  In  dUu. 
tlon  of  1 : 5, 


|<\>ntral     nonnnl  !  Negntlve 


KiHCIly  the  SI 

rols     Negative  afti'F 


e  re*ulls  ubtaineat  m 


Negative  after  1  hour. 
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Table  No.  X. — Tests  of  tJie  agghilinaiing  valne  of  human  immune  sera — Cont'd. 


Caae  No. 


XV 


XVII 


XVIII 


Manner  of  inoc- 
ulation. 


Dilutions. 


One  agar  slant 
••Pest  Aviru- 
lent." 


Results  and  remarks. 


do I 


do 


....do 


XXIV 

XXV 

XXVI 
XXIX 
XXXI 

XXXIII 
Plague  caae  . 
Plague 
autopsies 
I  and  II. 


.do 


1:2:   1:5;  2  con-     After  1  hour  and  10  minutes  a  flocculent 

trols( no  serum).'      precipitate  began  to  appear  in  the  dilu- 

i      tion  of  1:10.    (Compare  with  Case  IX 

reaction  with  normal  serum.)    Dilution 

1:2  negative. 

do All  negtttive  after  1  hour.    After  16  hours 

I      moderate  sediment  in  dilution  of  1 : 5. 
Control     normal  '■  Both  negative  after  1  and  IG  hours, 
human  serum, 
1:2:1:5. 

1:2;   1:5;  2  con-  I  Exactly  the  same  results  as  with  Serum 
trols( no  serum).      XVII. 


.do 


do... 


• do 


_— do 

[Control  normal 
human  senim, 
1:2;  1:5. 

1 :2;  1:5;  2  con- 
trols (no  serum), 


do 

.do 
do 


[All  negative  after  1  hour.  In  Case  XXI 
slight  precipitate  in  dilution  of  1 :5  after 
3  hours. 

All  negative  after  1  hour. 
Negative  after  1  hour.    Slight  precipitate 
in  dilution  of  1 : 5  after  S  hours. 

All  negative  after  1  hour.    Sediment  in 
dilution  of  1 : 5  after  16  hours. 


All  negative  after  1  hour. 

Do. 
Do. 


A  careful  study  of  the  above  table  brings  us  to  the  conclusion  that  in 
the  majority  of  the  instances  no  traces  of  agglutinins  could  definitely  be 
demonstrated.  In  a  few  cases  they  perhaps  were  present  in  very  small 
amounts. 

In  concluding  the  remarks  on  agglutination  it  may  again  be  emphasized 
that  excessive  precautions  must  be  taken  to  distinguish  between  pseudo 
and  true  agglutination  in  pest,  and  that  apparently  only  in  tlie  organism 
highly  immunized  against  plague  infection  do  the  agglutinins  become 
developed  in  sufficient  quantity  to  be  of  any  practical  importiince  either 
ill  the  diagnosis  of  the  infection  or  in  the  demonstration  of  the  presence 
of  an  immunity.  It  also  would  appear  from  these  experiments  that 
the  development  of  the  anti-infectious  substances  in  a  plague  immune 
serunx  is  quite  independent  of  the  development  of  the  agglutinins. 


IX.  THE  BACTERICIDAL  ACTION  OF  PLAGUE  SERUM. 

The  German  Plague  Commission  concluded  that  in  pest  immune  sera 
specific  bactericidal  anti-bodies  were  present,  the  action  of  which  was 
fully  analogous  to  that  of  the  protective  substances  which  had  been 
demonstrated  by  R.  Pfeiffer  to  exist  in  cholera  and  typhoid  infection. 
However,  they  made  no  experiments  which  demonstrated  that  such  sera 
possessed  a  bactericidal  action  against  the  pest  bacillus,  although  some 
experiments  were  performed  which  demonstrated  their  preventive  action 
against  infection  and  their  curative  value.  Nevertheless,  the  opinion  that 
plague  immune  serum  exerts  a  bactericidal  action  against  this  organism 
apparently  became  generally  accepted,  although  but  little  experimental 
work  was  carried  on  upon  the  subject. 

In  1902,  Kolle  and  Martini  •"  performed  experiments  with  guinea  pigs  and  rata 
in  which  the  animals  were  inoculated  with  from  1  to  2  cubic  centimeters  of  pest 
immune  serum  and  after  twenty-four  hours  were  inoculated  intraperitoneally  with 
from  2  to  3  oesen  of  pest  cultures  of  moderate  virulence,  suspended  in  saline 
solution.  Three  or  four  hours  after  the  inoculation  of  the  bacteria,  upon 
microscopical  examination  according  to  the  method  of  Pfeiffer,  of  drops  of  the 
exudate  from  the  abdominal  cavity,  the  majority  of  the  bacilli  were  found  to  be 
swollen,  degenerated,  and  broken  up.  This  phenomenon  was  not  noted  in  control 
animals  treated  with  normal  serum,  but  pest  bacilli  of  normal  appearance  were 
observed,  which  increased  in  number  from  hour  to  hour  up  to  the  time  of  the 
death  of  the  animal.  The  abdominal  exudate  of  the  animals  injected  with 
immune  serum  was  sometimes  apparently  sterile  after  twenty-four  hours,  although 
in  these  cases  the  few  remaining  bacteria  usually  multiplied  and  caused  the  death 
of  'the  animal  at  a  later  time.  Animals,  such  as  rats,  which  had  been  actively 
immunized  against  pest  by  repeated  subcutaneous  injections  of  living,  attenuated 
cultures,  when  injected  intraperitoneally  with  pest  strains  of  moderate  virulence 
also  exhibited  the  same  bactericidal  action  toward  the  bacteria,  but  no  anti-toxic 
action  could  be  observed. 

Markl  *"  as  a  result  of  his  observations  found  that  the  process  of  destruction  of 
pest  bacilli  varied  according  to  the  virulence  of  the  organism.  When  a  culture 
of  very  great  virulence  was  inoculated  into  the  abdominal  cavity  of  a  guinea 
pig  which  had  been  treated  with  an  immune  serum,  after  thirty  minutes  a  very 
extensive  leucocj'tosis  occurred  and  the  bacteria  were  taken  up  by  the  phagocytes. 
Those  bacteria  which  remained  free,  became  agglutinated  and  grouped  about  the 
leucocytes.  One  hour  after  the  injection  of  the  immune  serum  he  could  find 
no  extracellular  bacilli  in  the  peritoneal  exudate  and  cultures  made  from  it 
either  remained  sterile  or  developed  only  a  few  colonies.  A  leucocytosis  also 
occurred  in  control  animals  without  immune  serum,  but  the  bacilli  remaine<l  in  this 

'"Deutsche  med,  ^Vchn8ch.   (1002),  28,  45. 

'^Ztschr.  f.  Hyg.  u.  Infect ionskrankh.,  I^ipz.  (1003),  42,  244. 
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instance  extracellular  and  cultures  of  the  abdominal  exudate  on  agar  produced 
a  rich  growth  of  bacteria.  In  further  experiments  on  rats,  where  strains  of 
different  pathogenetic  power  were  employed,  the  very  virulent  strains  were  taken 
up  by  the  phagocytes  through  the  action  of  the  immune  serum,  while  avirulent 
strains  (those  non-letlial  in  doses  of  2  oesen)  became  dissolved  in  the  abdominal 
cavity  of  the  animal  without  the  aid  of  the  phagocytes.  Strains  of  moderate 
virulence  became  partially  destroyed  by  both  of  these  means.  The  same  mechanism 
was  observed  in  passive  immunization  with  serum,  as  was  seen  in  animals  actively 
immunized,  either  with  killed  or  with  living  attenuated  cultures. 

Kolle"  in  December,  1904,  on  pursuing  further  experiments  of  this  nature, 
confirmed  MarkPs  results.  He  also  cojnpared  the  method  of  action  of  plague, 
cholera  and  typhoid  immune  sera,  testing  the  bactericidal  action  of  plague 
serum  in  vitro  after  the  method  of  Neisser  and  Weclisberg.  He  was  unable  to 
demonstrate  any  bactericidal  reaction,  in  spite  of  the  many  variations  in  the 
experiments  and  the  use  of  many  different  sera  to  supply  the  complement  for 
the  completion  of  the  action  of  the  amboceptors.  Plague  bacilli  after  treatment 
with  the  immune  serum  developed  as  plentifully  in  the  culture  media  as  they  did 
in  those  instances  in  which  they  were  treated  with  normal  serum.  Kolle  and 
Iletsch  employed  fresh,  normal  serum  from  the  pigeon,  cow,  horse,  chicken,  rabbit, 
donkey,  and  rat  for  supplying  the  complement.  Upon  investigating  the  question 
of  whether  the  bacterial  receptors  of  the  plague  bacillus  were  able  to  bind  ambocep- 
tors in  an  immune  serum,  it  was  shown  that  such  a  binding  did  actually  take  place, 
and  that  the  serum  after  being  first  treated  with  living  plague  bacilli  lost  in  anti- 
infectious  power,  as  was  shown  by  experiments  performed  on  rats.  However,  at 
the  temperature  of  the  ice  box  or  when  killed  pest  bacilli  were  substituted  for 
living  ones,  binding  of  the  amboceptors  could  not  be  demonstrated.  Moreover,  the 
union  did  not  occur  under  the  same  quantitative  relations  as  it  does  with  typhoid 
and  cholera  immune  serum.  Kolle  therefore  concluded  that  the  pest  serum  acts 
neither  as  a  pure  antitoxic  serum,  such  as  we  see  in  diphtheria  and  tetanus,  nor 
as  a  pure  bactericidal  one,  such  as  we  see  in  cholera  and  typhoid. 

Skschivan"*  also  obtained  Pfeiffer's  phenomenon  in  guinea  pigs  which  were 
inoculated  with  4  cubic  centimeters  of  the  Paris  pest  serum  and  sixteen  to  twenty 
hours  later  reinoculated  with  from  2  oesen  to  I  agar  culture  intraperitoneally. 
When  the  serum  was  inoculated  into  the  peritoneum,  the  bacteria  became  broken 
up  in  one-half  hour.  The  control  animals  without  serum  died  after  one  to  two 
days  while  those  inoculated  with  immune  serum  lived  for  from  five  to  seven  days. 
In  the  latter  instance,  in  three  cases,  a  periorchitis  existed  and  the  omentum 
was  shrunken  and  hard. 

In  1902,  Wright  and  Windsor  "  sliowed  that  normal  human  serum  was  entirely 
without  bactericidal  action  upon  the  i)ost  bacillus  and  that  sterilizetl  cultures  of 
this  organism  were  not  capable  of  abstracting  a  bactericidal  element  from  such 
blood.  Ih  the  following  year  Wright  and  Douglas  "  further  showed  that,  while 
no  bactericidal  reaction  was  exerted  against  the  plague  bacillus  by  normal  human 
Rerum,  such  serum  evidenced  a  distinct  opsonic  action  against  this  organism. 
On  the  other  hand  Row"  maintained  that  the  serum  of  plague  convalescents 
possessed  remarkable  bactericidal   proi)erties.     He  found  that  while  in  hanging. 

^ Ztschr.  f.  Hyg.  n.  Infectiouskrankh.,  I^ipz.   (1904),  48,  371. 

^CeiitrU.  f.  Baktvriol.  Orig.  (1903),  33,  271. 

"«/.  of  Hyg.   (1902),  2,  385. 

^*Proc.  Roy.  iS'oc.  Loml.   (1904),  73,  130. 

"JRrt7.  Med.  Joum.   (1902),  1895. 
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drop  preparations,  the  Bacillus  pesHs  flourished  in  the  serum  of  normal  individ- 
uals, when  a  quantity  of  serum  from  a  plague  convalesoent  was  infected  with 
this  organism  the  latter  was  destroyed  after  twenty- four  hours.  The  growth  of 
the  plague  bacillus  was  said  to  be  inhibited,  in  the  ease  of  blood  taken  from 
patients  in  the  early  stage  of  the  disease  or  from  those  tending  to  recover.  In 
a  later  paper  ''*  he  pointed  out  that  this  bactericidal  reaction  of  the  pest  bacillus 
resulted  from  the  action  of  immune  bodies  plus  complement,  and  that  the  action 
of  plague  serum  could  l>e  suspended  by  the  usual  method  of  inactivation  and 
it  could  again  be  reactivatcHl  by  the  addition  of  fresh  complement.  He  claimed 
that  Roux's  serum  which  had  been  inactivated,  could  be  reactivated  by  fresh 
complement  obtained  from  either  man,  tli^  dog,  rat,  or  monkey.  However,  Row's 
experiments  seem  inconclusive  and  unconvincing  owing  to  the  technique  employed. 

In  1906,  Lamb  and  Foster  "  again  emphasized  the  fact  that  not  only  normal 
human  serum,  but  also  that  of  other  mammals,  was  devoid  of  any  bactericidal 
action  on  Bacillus  pestis, 

Schouroupoff,'*  who  demonstrated  that  the  pest  bacilli  which  were  injected  into 
animals  immunized  against  pest,  disappeared  after  a  very  short  time,  concluded 
that  the  antipcst  serum  is  also  partly  bactericidal  in  its  action. 

LOhlein"  very  recently  communicated  the  results  of  his  studies  upon  phago- 
cytosis in  pest  and  anthrax  to  the  Association  of  Microbiology  at  Berlin.  He 
found  that  while  in  the  animal  body  almost  no  phagocytosis  of  virulent  pest 
strains  occurred,  in  vitro  the  organisms  were  taken  up  by  the  carefully  washed 
white  blood  corpuscles  of  the  most  susceptible  experimental  animals  and  he 
further  demonstrated  that  while  phagocytosis  of  the  virulent  pest  organism  was 
not  dependent  upon  the  action  of  dissolved  opsonic  substances,  such  action  was 
promoted  by  normal  guinea  pig  serum.  The  same  phenomena  were  observed  with 
dilutiops  of  specific  plague  serum.  In  the  case  of  undiluted  serum,  or  in  its 
lower  dilutions,  the  serum  was  strongly  agglutinative,  so  that  the  result  was 
obscured.  Lohlein,  in  accord  with  the  experiments  of  Markl,  foimd  that  in 
vitro  the  most  marked  prevention  to  the  growth  of  virulent  pest  bacilli  occurred 
when  immune  serum  and  leucocytes  were  placed  in  contact  with  the  pest  bacilli. 
Upon  injecting  virulent  pest  germs  into  the  "prepared"  abdominal  cavity  of 
guinea  pigs,  a  marked  phagocytosis  of  the  bacteria  also  occurred.  A  rapid 
diminution  of  the  bacteria  at  first,  as  well  as  of  the  animal  cells  in  the  abdominal 
cavity,  also  occurred  upon  injecting  these  organisms  into  the  abdominal  cavity 
of  a  norfnal  guinea  pig  or  rat.  A  dissolution  of  the  bacteria  was  not  observed, 
but  the  organisms  were  taken  up  by  phagocytic  cells  in  different  portions  of  the 
abdomen  and  in  the  omentum.  Later,  a  marked  increase  in  the  number  of 
leucocytes  in  the  abdominal  cavity  took  place  and  especially,  the  bacteria  became 
increased  in  number.  These  organisms,  which  were  termed  "bacteria  of  the 
second  generation,"  increased  up  to  the  time  of  the  death  of  the  animal.  The 
bacteria  which  appeared  after  the  "negative"  period  were  not  usually  taken  up 
by  phagocytes.  This  failure  of  the  leucocytes  to  ingest  them  was  evidently  not 
due  to  an  injury  to  the  phafifocytic  properties  of  these  cells,  as  was  demonstrated 
by  the  further  injection  of  staphylococci  into  the  abdominal  cavity,  the  latter 
organisms  undergoing  active  phagocytosis.  Lohlein  thought  this  phenomenon 
might   he   explained   either   upon    the   assumption   of   the   presence   of  a    soluble 

'*Brit.  Med.  Journ.    (1003),  1078. 
'^Lan-cct    (1006),   171,  0. 

''Arch.  iUs  Sci.  Hioloyiqucs   (1005),  11,  190. 
''Ccntrhl.  f.  Bahteriul.  Abl.  I   (1000),  38,  32. 
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substances  such  as  an  aggressin,  in  the  sense  in  which  Bail  uses  the  term,  or  by 
assuming  that  the  bacteria  which  appeared  later  in  tlie  abdominal  cavity,  sur- 
rounded by  capsules,  possessed  a  negative  chemotactic  action.  Possibly  both 
of  these  factors  played  a  r6le,  although  he  was  unable  to  determine  the  question 
definitely.  He  also  found,  as  Denys  and  Tartakowsky  had  done,  that  where 
immune  serum  was  injected  into  the  abdominal  cavity  of  a  guinea  pig,  shortly 
after  the  introduction  of  the  organisms,  phagocytosis  in  addition  to  agglutination 
of  these  bacteria  of  the  second  generation  occurred. 

After  a  study  of  the  ex]>eriment8  which  had  been  performed  in  relation 
to  the  bactericidal  action  of  the  pest  immune  serum  in  vitro,  it  appeared 
to  me,  to  judge  from  the  careful  experiments  of  Kolle  and  Hetscli  on  pest 
immune  serum,  that  this  question  was  definitely  settled  as  far  as  the 
methods  employed  were  concerned.  The  experiments  of  Wright  and  Tiamb 
and.  my  own  already  referred  to,  relating  to  the  bactericidal  reaction  in 
vitro  of  normal  human  and  other  mammaFs  blood,  also  appeared  conclusive. 
However,  in  order  further  to  complete  the  evidence,  the  following  addi- 
tional experiments,  consisting  of  the  examination  of  the  bactericidal  power 
of  horse's  perfectly  fresh  pest  immune  serum,  as  compared  with  horse's 
fresh  normal  serum,  were  undertaken.  I  also  studieil  the  bactericidal 
power  of  horse's  inactivated  pest  immune  serum,  after  the  addition  of 
perfectly  fresh  monkey  serum  to  supply  the  complement.  The  horse's 
immune  serum  in  the  latter  instance  was  inactivated  by  heating  for  one 
hour  at  56°  C.     The  experiments  were  performed  in  the  following  way : 

In  test  tube  I  were  placed  1  cubic  centimeter  of  perfectly  fresh,  horse's  immune 
serum  (without  the  addition  of  carbolic  acid)  -}-  1  cubic  centimeter  of  a  suspen- 
sion of  an  agar  culture  of  the  virulent  pest  bacillus  in  bouillon,  in  a  dilution  of 
1    to  60,000. 

In  test  tube  II  were  placed  1  cubic  centimeter  of  perfectly  fresh,  normal 
horse  serum  +  1  cubic  centimeter  of  a  suspension  of  an  agar  culture  of  the 
virulent  pest  bacillus  in  bouillon  in  a  dilution  of  1  to  50,000. 

After  thorough  mixing  of  the  contents  of  each  tube  they  were  both  placed  for 
three  hours  in  the  incubator  at  37°  C,  when  sets  of  agar  plates  were  prepared. 
No  difference  in  the  bactericidal  action  of  the  two  sera  could  be  distinguished. 

In  the  second  series  of  experiments,  in  test  tube  I  were  placed  1  cubic 
centimeter  of  the  inactivated,  horse's  iinniune  serum  +  0.5  cubic  centimeter  of 
the  suspension  of  the  bacilli  -\-  0.5  cubic  centimeter  of  monkey's  fresh  normal 
serum  in  a  dilution  of  1 :  10. 

In  test  tube  II  were  placed  1  cubic  centimeter  of  horse's  inactivated,  normal 
serum  -^  0.5  cubic  centimeter  of  a  suspension  of  the  bacilli  -|-  0.5  cubic  centi- 
meter of  monkey's  fresh,  normal,  serum  in  a  dilution  of  1  :  10. 

In  test  tube  III  were  placed  0.5  cubic  centimeter  of  the  supension  of  the 
bacilli  -+■   1*6  cubic  centimeters  of  saline  solution. 

In  test  tube  IV,  0.5  cubic  centimeter  of  a  suspension  of  the  bacilli  -|-  0.5 
cubic  centimeter  monkey's  normal  serum  -|-  0.5  cubic  centimeter  saline  solution. 

These  experiments  were  performed  in  dilutions  of  the  serum  of  1:2, 
1 :  10,  1 :  100,  and  1 :  500.  No  marked  difference  could  be  discovered  in 
the  number  of  colonies  in  the  plates  prepared  from  the  suspensions  of 
immune  serum  and  from  that  of  the  normal  serum. 
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The  success  of  the  reaction  in  experiments  of  this  nature,  providing 
of  course  that  the  seruin  to  be  tested  possesses  a  bactericidal  power, 
obviously  depends  upon  the  selection  of  an  animal  serum  containing 
complement  with  receptors  suitable  to  unite  with  the  amboceptors  in  the 
immune  serum.  As  has  been  mentioned,  Kolle  and  Hetsch  in  their 
exj)eriment8  employed  the  sera  of  the  pigeon,  cow,  horse,  chicken,  rabbit, 
donkey,  and  rat  to  furnish  the  complement. 

However,  it  was  demonstrated  by  the  following  additional  experiments 
tliat  my  failure,  in  the  experiments  which  I  have  just  described,  to  obtain 
a  bactericidal  reaction  or  to  demonstrate  any  other  injurious  effect  on 
the  plague  bacillus  resulting  from  the  action  of  the  pest  immune  serum 
on  tliis  organism  was  not  due  to  the  fact  that  I  had  not  found  a  suitable 
complement  for  the  amboceptors. 

A  horse's  pest  immune  serum  (not  inactivated),  which  at  the  time 
in  doses  of  1  cubic  centimeter  was  able  to  protect  against  fatal  pest 
infection  about  90  per  cent  of  the  rats  inoculated  with  it,  was  mixed  with 
perfectly  fresh  rat  serum  and  its  bactericidal  value  tested  according  to 
the  method,  in  vitro,  which  has  already  been  described.  In  order  that 
the  phenomenon  of  the  deflection  of  the  complement  by  amboceptors,  as 
described  by  Neisser  and  Wechsberg,  might  not  interfere  with  the  reac- 
tion, the  experiments  were  also  performed  with  varying  amounts  of  the 
horse's  immune  serum  and  fresh  rat  serum.  However,  no  difference  could 
be  detected  between  the  results  obtained  with  these  experiments  and 
with  those  performed  in  the  same  manner  with  normal  horse  serum  plus 
fresh  rat  serum. 

These  experiments  and  those  of  Kolle  and  Hetsch  already  outlined 
appear  to  demonstrate  that  the  pest  immune  serum  which  is  known  to 
possess  anti-infectious  power  in  the  animal,  possesses  in  vitro  no  bacte- 
ricidal action  whatever,  that  is  similar  to  that  possessed,  for  example,  by 
typhoid  immune  serum.  It  is  also  clear  that  the  pest  bacilli  are  not 
only  not  killed  by  the  immune  serum,  but  that  tliey  remain  alive  and  are 
capable  of  subsequent  development.  Therefore,  it  is  evident  that  some 
otlier  factor  must  play  an  important  role  in  the  ultimate  destruction  of 
the  inoculated  bacilli  in  tlie  body  of  an  animal  either  passively  im- 
munized by  tlic  injection  of  such  a  serum  or  actively  immunized  by 
vaccination,  and  according  to  the  conceptions  of  Metchnikoff  it  nright  be 
argued  tliat  since  the  serum  in  the  test  tube  is  apparently  without  injurious 
action  upon  the  pest  bacilli,  the  phagocyte  must  be  the  additional  factor 
which  is  necessary  to  render  harmless  and  to  destroy  the  organism  in 
question. 

However,  before  accepting  this  hypothesis,  it  seemed  advisable  further 
to  investigate  not  only  what  action  tlie  seruin  has  upon  the  life  of  the 
plague   organism,    but   also    what   action   the   organism   has   upon   the 
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immune  serum.  From  the  extensive  work  performed  by  Ehrlich,  Mor- 
genroth,  Pfeiffer,  Wassermann,  KoUe,  and  their  co-workers,  we  know  that 
a  union  occurs  in  vitro  between  the  specific  substances  of  a  serum,  such 
as  antitoxine  or  bacteriolysine,  and  the  homologous  bacterial  antigen. 
Although  the  union  of  these  two  substances  follows  a  different  law,  it 
is  possible  to  show  that  such  a  binding  actually  does  take  place  and  that 
the  antitoxic  serum  loses  in  value  after  combination  with  toxine  and  the 
bactericidal  one  diminishes  in  its  specific  effect  after  treatment  with  its 
corresponding  bacterium. 

With  a  view  of  further  elucidating  the  subject,  this  problem  was  under- 
taken with  the  plague  bacillus  and  pest  immune  serum;  the  experiments 
being  performed  in  a  somewhat  similar  manner  to  those  previously  carried 
on  in  this  laboratory  in  1904  with  the  cholera  organism.  The  pest  im- 
mune senmi  was  first  carefuly  tested  for  its  anti-infectious  power  on  rats 
and  the  amount  determined  which  would  protect  about  90  per  cent  of 
the  animals  inoculated  with  it,  against  the  subsequent  injection  of  a 
lethal  dose  of  plague  bacilli.  (See  Series  53,  p.  286.)  Fifteen  cubic 
centimeters  of  this  pest  serum  were  then  mixed  with  the  living  bacteria 
obtained  from  fifteen  48-hour  agar  slant  cultures  of  the  virulent  pest 
strain.  The  mixture  was  placed  in  the  incubator  for  two  hours  at  37°  C. ; 
carbolic  acid  to  0.5  per  cent  was  then  added  and  the  mixture  heated  for 
two  hours  at  46°  C.  and  then  thoroughly  centrifuged.  The  clear  fluid 
above  was  then  drawn  off  from  the  sediment  of  bacteria.  After  the 
sterility  of  the  serum  had  been  demonstrated,  its  anti-infectious  value 
was  now  for  a  second  time  tested  on  rats  and  it  then  was  found  that 
the  serum  no  longer  protected  these  animals  in  the  same  amounts  as  it 
did  previous  to  its  treatment  with  the  baceria,  70  per  cent  of  the  rats 
inoculated  with  the  same  dose  succumbing  when  subsequently  infected 
with  pest." 

It 'follows  from  this  that  a  binding  of  at  least  a  portion  of  the  ambo- 
ceptors of  the  pest  immune  serum  to  the  receptors  of  the  plague  bacillus 
had  occurred,  and  although  the  bacteria  in  question  were  not  killed  by 
the  serum,  nevertheless,  a  reaction  in  vitro  between  the  serum  and  the 
organism  had  occurred.  (For  the  details  of  these  experiments  see  Series 
53,  p.  286.)  These  results  are  confirmatory  of  those  already  referred 
to  and  obtained  by  Kolle  and  lletsch. 

For  the  further  study  of  the  action  of  plague  immune  serum  I  per- 
formed other  experiments  in  the  abdominal  cavities  of  guinea  pigs,  the 
details  of  which  may  be  seen  in  Series  63,  64,  and  65  (pp.  268,  270,  and 
271).     Upon  injecting  the  strain  *^Pest  Virulent"  into  the  peritoneal 

^  In  performing  experiments  of  this  nature  precautions  must  be  taken  to 
asoertain  if  sufficient  amounts  of  dissolved  receptors  of  tlie  bacilli  (artificial 
aggresBins)  remain  in  the  serum  to  influence  the  course  of  the  infection  in  the 
animal. 


262  STRONG. 

I 

cavity  of  a  guinea  pig  immunized  against  plague  either  by  previous  vacci- 
nation or  by  the  injection  of  a  dose  of  pest  immune  serum,  it  was  found 
that  Pfeiffer's  phenomenon  as  observed  in  the  case  of  the  cholera  organism 
in  the  cholera  immune  animal  did  not  occur.  The  virulent  organism 
in  question  did  not  undergo  dissolution  and  only  with  the  very  avinilent 
strains  ("Maassen  Alt"  and  "Pest  Avirulent")  did  the  organisms  finally 
become  swollen  or  disintegrated.  It  is  true  that  shortly  after  the  inocu- 
lation of  the  virulent  strain  in  the  immunized  animal,  a  disappearance 
of  the  bacteria  from  the  abdominal  cavity  usually  occurred,  and  that 
also  at  first  but  few  animal  cells  were  encountered  in  the  abdominal 
exudate.  Upon  investigating  the  fate  of  the  bacteria  by  killing  the 
animals  at  different  periods  of  time  after  the  inoculation,  it  was  found 
that  shortly  after  the  injection,  both  in  the  case  of  animals  immunized 
against  pest  and  in  that  of  normal  animals,  the  majority  of  the  bacteria 
had  been  carried  to  or  made  their  way  to  the  walls  of  the  cavity  and 
partic^ularly  to  the  omentum,  to  the  surface  of  which  they  had  become 
adherent.  Here  many  of  them  were  taken  up  by  the  phagocytic  cells. 
After  a  short  period,  the  leucocytes  became  more  abundant  in  the  abdom- 
inal exudate  and  many  of  them  were  seen  to  contain  bacteria.  In  many 
cases,  in  the  immunized  animal,  the  leucocytes  seem  to  possess  positive 
chemotaxis  for  the  bacteria,  judging  from  the  manner  in  which  the  latter 
are  grouped  about  them. 

In  the  case  of  nonimmune  animals  the  pest  bacilli  outside  of  the 
cells  increase  in  number  up  to  the  time  of  the  death  of  the  animal. 
The  majority  of  the  bacteria  that  are  found  to  exist  free  in  the  cavity 
after  the  negative  phase,  are  short,  bipolar  staining  bacilli  which  seem 
to  possess  capsules ;  a  smaller  number  of  large  bacilli,  frequently  showing 
involution  forms,  are  also  encountered.  After  the  negative  phase  in 
the  case  of  the  immunized  animal,  the  leucocytes  usually  become  much 
more  numerous  in  the  abdominal  cavity.  The  phagocytosis  of  the  bac- 
teria continues,  both  by  the  cells  in  the  omentum,  and  by  those  free  in 
the  abdominal  cavity,  until  very  few  free  bacilli  remain.  However,  as 
has  been  mentioned,  in  the  nonimmune  animals  the  bipolar  staining 
organisms,  which  do  not  appear  to  be  taken  up  by  the  leucocytes,  increase 
up  to  the  time  of  the  death  of  the  guinea  pig.  (See  Series  63, '64,  and 
05  (pp.  208,  270,  and  271.) 

Lohlein,^"  whose  article  was  published  while  my  experiments  were  in 
progress,  also  encountered  these  bipolar  staining  organisms.  These  he 
very  appropriately  terms  ^Mjacteria  of  the  second  generation,*'  and  he  calls 
attention  to  the  fact  that  they  are  seldom  seen  to  undergo  phagocytosis. 
Tliis  phenomenon  as  mentioned  he  explains  either  upon  the  assumption 
that  some  such  substame  as  the  aggressin  of  Bail  may  be  present,  or  that 

"^  Loc.  cit. 
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perhaps  the  capsules  of  the  bacteria  act  in  a  negatively  chemotactic 
manner.  My  own  idea  is  that  these  organisms  are  negatively  chemotactic 
for  the  leucocytes,  but  not  because  they  possess  aggressins  in  the  sense 
which  Bail  uses  the  term,  but  because  they  have  not  been  changed  chem- 
ically by  the  action  of  the  immune  serum — that  is,  these  bacteria  h^ve 
either  entirely  escaped  the  action  of  the  plague  amboceptors,  or  a  sufficient 
portion  of  their  receptors  have  not  been  bound  to  enable  the  leucocytes 
to  act  positively  chemotactic  toward  them  and  to  engulf  them;  the 
phagocyte  usually  ingesting  only  the  organism  which  has  previously  been 
affected  by  the  immune  serum;  it  is  also  possible  that  the  encapsulated 
organisms  are  not  readily  hydrolyzed. 

Therefore,  it  is  obvious  that  in  vitro  the  amboceptors  of  plague  immune 
serum  unite  with  the  receptors  of  the  organism  and  that  in  the  body  of  the 
animal  the  process  of  destruction  is  carried  on  further  by  the  phagocytes, 
which  engulf  the  bacteria  which  have  been  so  acted  upon.  It  is  also 
evident  that  the  bacteria  are  not  killed  in  the  test  tube  by  the  immune 
serum  alone.  Does  the  leucocyte  accomplish  this  action,  or  is  the 
organism  killed  in  the  abdominal  cavity  by  other  influences  before  under- 
going phagocytosis?  That  the  latter  hypothesis  is  not  always  true  I 
have  been  able  to  demonstrate  by  transplanting  to  the  surface  of  agar 
media  loops  of  the  abdominal  exudate  which  contain  phagocytes  inclosing 
bacteria.  The  organisms  under  these  circumstances  have  sometimes  been 
observed  to  have  increased  within  the  cells  and  in  some  instances  to  have 
burst  the  leucocyte  and  partially  to  have  escaped  from  it. 

It  therefore  seems  that  after  the  bacillus  has  been  prepared  for  the 
action  of  the  leucocyte  by  the  immime  serum,  the  leucocyte  docs  play  a 
part  in  the  digestion  and  ultimate  destruction  of  the  organism.  On  the 
other  hand,  that  the  phagocytes  in  nonimmunized  animals  do  not  to  any 
extent  take  up  plague  bacilli  seems  equally  clear  and  this  opinion  may 
be  confirmed  by  the  study  in  plague  infections  of  smears  or  sections  from 
plague  buboes  or  abscesses  in  other  portions  of  the  body.  Here,  while 
many  bacteria  are  encountered  in  the  endothelial  colls,  but  very  limited 
or  no  evidence  of  phagocytosis  by  polymorphonuclear  leucocytes  is  en- 
countered. 

The  destruction  of  the  plague  bacillus  is  then  ofToctod  by  the  immune 
animal  in  a  manner  partly  in  accord  with  the  humoral  theory  of  Buchner 
and  partly  in  accord  with  the  ])hagocytic  one  of  Mt^tclinikofT.  The  action 
of  the  serum  in  its  protective  effect  upon  tlie  animal  is  neither  antitoxic 
nor  bactericidal,  but  has  been  termed  anti-infectious:  that  is,  it  is  a  serum 
possessed  with  the  power  of  preventing  infection. 


X.  OPSONIC  ACTION  OF  PLAGUE  SEBUM. 

As  is  now  generally  known,  Wright  and  Douglas*®  in  1903  proposed 
the  term  "opsonins''  to  designate  the  elements  in  the  blood  which  modi- 
fied the  bacteria  in  a  manner  which  rendered  them  a  ready  prey  to  the 
phagocytes.  Their  important  article,  at  the  time  of  its  appearance,  did 
not  excite  the  attention  which  it  merited,  but  in  1904  and  1905  they, 
together  with  Bullock,*^  undertook  further  studies  relating  to  the  varia- 
tions  of  the  opsonic  content  of  the  blood  in  certain  infections  and  explained 
the  practical  results  to  be  obtained  from  the  observation  of  the  opsonic 
index.  These  publications  attracted  wide  attention.  During  the  past 
year  many  articles  have  appeared  relating  to  the  presence  of  opsonins 
in  different  infections  and  of  the  practical  results  to  be  obtained  by 
increasing  the  opsonic  index  through  the  injection  of  bacterial  vaccines. 
While  some  of  this  work  has  been  done  by  trained  investigators,  much 
of  it  has  been  performed  by  men  who  may  be  considered  new  to  the 
field  and  it  is  questionable  whether  all  of  the  claims  of  the  practical 
results  obtained  with  the  various  infections  will  be  justified  by  more 
careful  work  in  the  future.  There  are  many  sources  of  error  in  determin- 
ing the  opsonic  index,  and  the  personal  equation  is  of  considerable  im- 
portance when  the  method  described  by  Wright  is  employed. 

Among  the  more  important  articles  on  this  subject  which  have  appeared 
during  the  past  year,  besides  those  of  Wright,  may  be  particularly  men- 
tioned those  of  Ilektoen*^  and  his  pupils  and  of  Simon,  Rosenow  and 
Porter  ®^  in  the  United  States,  and  of  Muir  and  Martin  in  Great  Britain. 

A  discussion  of  the  entire  subject  can  not  here  be  entered  into. 
Ilektoen  and  Bullock  believed  that  the  opsonins  might  be  regarded  as 
distinct  from  the  other  anti-bodies.  However,  it  does  not  seem  to  me 
that  this  has  been  at  all  concliLsively  established,  and  in  my  experimental 
work  on  the  subject  I  have  not  been  able  to  convince  myself  that  in  the 
**^opsonic"  action  in  plague  we  have  to  do  with  any  other  factors  than  the 
binding  of  the  receptors  of  the  bacteria  by  amboceptors  of  the  serum 
and  of  the  union  of  the  complement  in  the  usual  way,, as  in  bacteriolysis, 
and  ])clievG  that  it  is  in  this  manner  tliat  the  bacteria  are  prepared  for 
pliagocytosis.  However,  obviously  the  complement  does  not  alwa3rs  neces- 
sarily cause  lysis,  although  it  always  enters  into  the  reaction. 

"^Proc.  Roy.  8oc.  Land.   (1903),  72,  357. 

"/6t<i.  (1904),  73,  128,  and  Lancet  (1905),  2,  159S  and  1603.  These  articles 
contain  the  other  important  references  to  Wright's  work. 

"J.  Am.  Med.  Ass.   (1900),  46,  1407,  and  J.  Infect.  Dis.   (1906),  3,  434. 
"J.  Am.  Med.  Ass.  (1906),  47,  1722. 
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It  seems  not  unlikely  that  in  some  of  the  experiments  performed  in 
the  study  of  the  opsonins  it  is  sometimes  the  action  of  the  complement 
alone  and  sometimes,  though  more  rarely,  that  of  the  immune  body 
which  has  been  considered  to  represent  the  opsonic  action.  The  recent 
work  of  Simon  ^*  and  his  associates  which  argues  against  the  specific 
character  of  opsonins,  supports  these  views,  as  does  also  the  work  of  Muir 
and  Martin.*'*  These  latter  authors  have  tested  the  three  chief  varieties 
of  immune  bodies  (amboceptors),  namely,  (1)  those  obtained  by  the 
injection  of  red  blood  corpuscles,  (2)  serum,  and  (3)  bacteria,  and  have 
found  that  in  each  case  the  combination  of  receptors  plus  immune  bodies 
removes  the  opsonins  of  normal  serum.  Moreover,  it  seems  to  me  that 
another  very  important  factor  in  favor  of  the  hypothesis  that  opsonic 
action  consists  of  the  binding  in  combination  of  amboceptors  and  com- 
plement is  furnished  by  a  study  of  the  action  of  the  plague  bacillus  and 
plague  serum  in  relation  to  the  so-called  phenomenon  of  Bordet  and 
Gengou  *•  of  the  fixation  of  the  haemolytic  complement. 

I  also  have  been  able  to  show  that  plague  immune  serum  constantly 
produces  the  phenomenon  and  we  can  therefore  reason  from  this  fact  and 
from  the  work  of  Muir  and  Martin  that  some  complement  as  well  as 
amboceptor  enters  into  the  opsonic  reaction  in  plague,  since  we  know  that 
the  complement  is  only  bound  according  to  the  phenomenon  of  fixation 
when  a  union  of  specific  amboceptor  and  receptor  has  occurred  and  that, 
conversely,  the  phenomenon  only  takes  place  wlien  the  complement  is 
actually  bound.  (See  pp.  327  and  328  for  the  details  of  these  experi- 
ments.) 

However,  leaving  aside  the  discussion  of  whether  the  opsonins  really 
represent  new  anti-bodies  of  a  different  character  from  those  we  are 
familiar  with,  we  may  certainly  say  that  plague  immune  serum  possesses 
opsonic  power  since  it  prepares  the  organisms  for  phagocytosis,  and  we 
may  add  that  with  the  plague  bacillus  the  result  of  the  chemical  reaction 
is  somewhat  different  from  that  which  is  observed  in  true  bacteriolysis 
of  certain  other  microorganisms. 

I  have  also  investigated  the  question  of  whether  the  sera  of  human 
beings  and  animals  vaccinated  against  plague  develop  a  higher  opsonic 
index  against  the  plague  organism  tlian  is  possessed  by  normal  human 
and  animal  sera.  Some  of  the  guinea  pigs  and  monkeys  in  which  the 
reaction  was  tested  had  been  shown  to  resist  plague  infection  after  the 
vaccination.  The  blood  was  usually  tested  \vn  days  after  the  vaccination 
or  test  of  immunization.  The  method  of  experimentation  has  been  as 
follows : 

A  non-immunized  giiinoa  pifj  is  inoculated  intraperitoneally  with  10  cubic 
centimeters  of  a  sterile  suspension  of  aleuronat.     After   from  twelve  to  sixteen 

*^J,  Exp.  Med.  (1006),  8,  051. 

*^Brit.  Med.  Journ.  (1906),  1783. 

^Ann.  d.  Vinst.  Pasteur  (1901),  15,  289. 
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hours  tlie  animal  is  killed  with  chloroform.  The  abdominal  exudate,  if  sterile,  is 
collected  and  mixed  with  an  excess  of  0.1  per  cent  of  ammonium  oxalate  solution 
in  0.85  per  cent  sodium  chloride  solution  (as  proposed  by  Simon,) "and  thoroughly 
centrifuged.  The  packed  corpuscles  are  then  washed  several  times  in  excess 
of  saline  solution  and  each  time  recentrifuged.  In  performing  the  tests  one 
volume  of  leucocytes  plus  one  volume  of  a  saline  suspension  of  the  pest  bacteria 
plus  one  volume  of  the  serum  to  be  tested  are  thoroughly  mixed  and  incubated 
for  thirty  minutes  at  37®  C.  After  this  time  smears  are  prepared  and  stained 
with  methylene  blue.  Two  hundred  leucocytes  were  counted  and  the  average 
number  of  bacteria  ingested  determined.  Control  experiments  with  normal  sera 
of  the  same  species  of  animal  were  prepared  as  well  as  a  control  showing  the 
nonpliagocytic  power  of  the  washed  leucocytes.  The  method  of  counting  the 
phagocjrtic  cells  as  suggested  by  Simon  rather  than  the  number  of  bacteria  in 
each  phagocyte  as  recommended  by  Wright,  appears  somewhat  simpler  and  the 
error  of  variation  between  repeated  counts  with  it  was  in  some  instances  not  so 
great.  However,  which  of  these  methods  will  eventually  prove  to  be  the  more 
reliable  in  determining  the  actual  opsonic  index  I  am  not  prepared  to  state. 

A  few  experiments  were  also  performed  in  determining  the  opsonic 
action  of  vaccinated  animals  by  another  method  which,  however,  was  not 
found  to  be  as  satisfactory  as  tlie  one  already  described. 

In  these  experiments  the  animals  to  be  tested  were  first  inoculated  intraperi- 
toneally  with  a  suspension  of  the  strain  "Pest  Virulent"  and  after  thirty-five 
minutes  to  one  and  one-half  liours,  drops  of  the  abdominal  fluid  were  drawn  off 
and  smears  prepared  and  stained.  The  average  number  of  bacteria  contained  in 
50  leucocytes  was  then  counted. 

While  the  animals  which  had  been  vaccinated  by  this  method  usually 
showed  an  increased  opsonic  index  over  that  of  normal  animals,  fre- 
quently the  number  of  leucocytes  in  the  abdominal  cavity  as  well  as  the 
number  of  bacteria  was  very  small.  The  explanation  of  this  phenomenon 
has  already  been  discussed  above.  The  difficulties  in  the  technique  were 
therefore  increased  and  further  experiments  were  not  performed  with 
this  method  because  of  the  superiority  of  the  first  one  described.  In  the 
experiments  in  Series  61  (p.  267)  the  opsonic  index  of  the  animals  before 
vaccination  was  unfortunatelv  not  determined  and  hence  the  results  are 
not  as  valuable  for  comparison. 

Carrying  out  experiments  in  this  manner,  the  details  of  which  are 
described  in  Scries  61  and  62  (pp.  267  and  268),  it  has  been  possible 
to  demonstrate  that  the  blood  of  an  individual  or  animal  vaccinated  and 
immunized  against  pest  usually  shows  an  increased  opsonic  index.  How- 
ever, tluit  this  was  not  invariably  the  case  may  be  seen  from  the  tables 
given  in  Series  61  and  62.  The  opsonic  power  apparently  varied  some- 
Avhat  according  to  the  virulence  of  the  strain  employed,  the  index  usually 
being  higher  with  the  avirulont  strain.     No  attempt  was  made  to  demon- 

''  Jolms  Uopkxns  Hosp.  Bull.   (1906),  17,  27. 
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strate  the  negative  phase  of  the  reaction  or  to  plot  their  curves,  and  as 
the  normal  opsonic  action  is  known  to  vary  considerably  from  time  to 
time,  this  may  account  for  the  apparent  ^ibsence  of  the  increase  of  the 
index  in  some  of  the  cases  at  the  time  of  the  examination  of  the  serum. 
Moreover,  the  reaction  may  not  in  some  instances  have  reached  its  maxi- 
mum or  it  may  in  others  have  })egun  to  decline.  However,  the  general  law 
may  be  determined  from  the  study  of  the  entire  series  of  experiments. 

In  conclusion  it  may  then  be  stated  that  plague  immune  serum  acts 
neither  as  an  antitoxic  serum  nor  as  do  other  bactericidal  sera,  but  its 
action  may  be  said  to  be  anti-infectious  and  opsonic  in  nature. 

EXPERIMENTS. 

Series  61. — Determination  of  the  opsonic  index  in  guinea  pigs. 

The  animals  were  inoculated  with  1  cubic  centimeter  of  a  suspension  of  the 
strain  "Pest  Virulent"  in  saline  solution.  Thirty-five  minutes  to  one  and  one-half 
hours  after  the  injection,  drops  of  the  abdominal  fluid  were  drawn  off  and  smears 
prepared  and  stained.  The  average  number  of  bacteria  contained  in  fifty  leu- 
cocytes was  then  counted.  Unfortunately,  the  opsonic  index  was  not  determined 
before  the  animals  were  vaccinated  and  therefore  the  experiments  were  performed 
in  normal  as  well  as  in  vaccinated  animals. 


Animal  No. 


1977  (vaccinated)  ... 

2273  (normal) 

1960  (vaccinated)  ... 

2282  (normal) 

2154  (vaccinated)  ... 
2162  (vaccinated)  __. 
2861  (normal) 


How  immunized. 


Vaccinated  with  2  cultures  "Pest  Avinilent."    Immunity 
tested  later. 

Vaccinated  with  2  cultures  "Pest  Avinilent."    Immunity 
tested  later. 

1  agar  slant  "Pest  Avirulent."    Immunity  tested  later 

do _. __ 


Opsonic  in- 
dex of  strain 
"Pest  Viru- 
lent" after 
Ik  hours. 


11.3 

9 

8 

4.6 

8 

fi 

8 


Series  62. — Determination  of  the  opsonic  index  in  human  beingsy  guinea  pigs 

and  monkeys. 

This  series  comprised  the  examination  of  the  opsonic  index  in  both  human 
beings  and  animals  vaccinated  against  pest.  The  opsonic  index  was  tested  against 
the  strain  "Pest  Virulent"  both  before  and  after  the  immunization.  In  a  few 
instances,  after  immunization,  tlie  opsonic  index  wds  also  tested  with  two  other 
strains  of  the  nest  bacillus,  as  niav  be  seen  from  the  table.  One-tenth  cubic 
centimeter  of  the  serum,  0.1  cubic  centimeter  of  a  thoroughly  washed  suspension  of 
guinea  pig's  corpuscles,  and  0.1  cubic  centimeter  of  a  suspension  of  the  organism 
"Pest  Virulent"  were  thoroughly  mixed  and  the  resulting  suspension  placed  at 
37*  C.  for  thirty  minutes.  Smears  were  then  prepared  and  stained,  two  hundred 
leucocytes  being  counted. 
55670 8 
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Isl 


I    culture    tillol    "PiM    Vlrolenl." 

munlly  U«led  laWr. 
one  2<-hour  culture  "Pist  Avirnlpnt" 

monliy  laur  Uated, 


One  U-hour  cnltun! " 
mUDlly  M*lii1  later. 

1  caUuK  of  kllird  " 
m  unity  tcxltid  latur. 


ijulnt'n  i>tK  197ft 


Sebieh   t!3.— /y«p«rii 


r    relating    to    Ihc    mechanl 


of  the  action   of  plagm 


GuiiK-n  pi(^  num1>ern]  2iri2  and  2153  ivhich  had  been  immunized  t^  plague 
vncrination  and  iiiimlicrs  2757  and  27'^)*,  wliioh  were  not  immunized,  all  received 
int  roper  it  oni^ally  1  full  ocm;  of  tiie  strain  "Pest  Virulent"  suspended  in  1  cnlric 
centimeter  of  saline  Botulion,  Guinea  pigM  numbered  2152,  2153,  and  2757  ea<* 
also  received  inlrapcrilo:ienHj',  at  the  same  time,  I  cubic  centimeter  of  pe«t 
immune  •■eruni.  and  guinea  pi^  nunilicr  '27.~>H.  1  cubic  ccutimet«r  of  saline  •olntJOD. 
Drops  of  I'xiidate  ivcre  tiikcii  from  the  rtlwinniinnl  cavity  at  interval*  of  from 
tnenty   niinutcti   to   one   and   nne-liulf   lioiira   utter   inoculation.     Some   of   theM 
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were  dried  and  stained  and  others  were  examined  in  a  fresh  condition.  On  micro- 
scopic examination  there  was  no  evidence  whatever  of  bacteriolysis  either  in 
the  fluid  from  the  animals  immunized  and  inoculated  with  immime  serum  or 
in  that  from  the  control  animal  (number  2758)  although  there  was  a  diminution 
in  the  number  of  the  bacteria  which  had  been  inoculated  in  the  exudates  from  all. 
Those  organisms  which  were  present  stained  naturally  and  presented  no  evidence 
of  degeneration. 

The  leucocytes  were  much  more  numerous  in  the  preparations  from  animals 
numbered  2152  and  2153,  fewer  in  number  in  those  from  animal  number  2757 
and  still  more  scanty  in  those  from  animal  number  2758.  At  a  later  period  a 
still  more  marked  reduction  of  the  number  of  the  bacteria  in  the  abdominal 
exudate  from  all  the  animals  occurred.  This  reduction,  however,  was  more 
marked  in  the  animals  which  had  received  the  serum.  On  the  following  morn- 
ing the  guinea  pigs  were  all  killed  with  chloroform  and  the  abdominal  cavity 
in  each  instance  immediately  opened  and  its  contents  examined.  In  guinea 
pig  number  2152  there  was  almost  no  local  reaction  apparent  about  the  point 
of  inoculation.  The  abdominal  cavity  contained  a  small  amount  of  a  tenacious 
fluid.  Cover  slips  from  this  exudate  stained  with  methylene  blue  showed  a 
considerable  number  of  polymorphonuclear  and  large  mononuclear  leucocytes,  the 
latter  variety  predominating.  None  of  the  leucocytes  contained  any  bacteria 
and  no  bacteria  were  found  free  in  the  exudate.  A  small  portion  from  the  edge 
of  the  omentum  was  cut  off  and  rubbed  over  a  glass  slide  and  the  preparation 
stained  with  methylene  blue.  This  specimen  showed  innumerable  polymorpho- 
nuclear leucocytes  and  large,  mononuclear,  endothelial  phagocytes,  the  majority 
crowded  with  pest  bacilli.  There  were  a  number  of  free  organisms,  but  these 
were  swollen  and  frequently  stained  irregularly  and  usually  faintly  so  in  color. 
They  showed  no  capsules  and  no  bipolar  staining.  Many  appeared  as  involution 
forms.  It  seems  likely  that  a  number  of  these  organisms  have  been  extruded  from 
cells  or  that  the  cells  have  burst  and  become  destroyed  and  the  bacteria  have 
escaped.  This  opinion  is  supported  by  the  fact  that  many  bacilli  with  a  similar 
appearance  were  seen  within  degenerating  cells  or  lying  about  them. 

It  appears  evident  that  the  bacteria  have  become  acted  upon  in  some  manner  by 
the  immune  serum  so  that  the  cells  of  the  omentum  to  which  the  bacteria  have 
been  attracted  are  enabled  to  pick  them  up  in  large  numbers.  It  would  seem  that 
the  great  reduction  in  the  number  of  bacteria  in  the  abdominal  cavity  during  the 
first  hour  after  inoculation  in  not  due  to  the  fact  that  the  bacteria  have  been  des- 
troyed but  because  they  have  been  attracted  to  the  omentum  as  to  a  sponge.  That 
the  bacteria  inside  the  leucocytes  were  not  all  dead  was  demonstrated  by  placing 
some  of  the  leucocytes  containing  ingested  bacilli  upon  agar  cultures.  It  was 
then  found  that  when  the  leucocyte  was  reniovod  from  its  natural  conditions  in 
the  animal  body  the  bacteria  sonietiniea  apparently  multiplied  within  the  cell 
and  finally  burst  and  destroyed  it.  The  phagocytic  cells  of  the  omentum  evidently 
play  an  important  part  in  pest  immunity.  In  guinea  jugs  nunilKTcd  2153  and 
2767* very  much  the  same  conditions  were  observed  as  in  number  2152.  The  cells 
of  the  omentum  perhaps  contained  not  so  many  bacteria  and  there  were  a  few 
leucocytes  in  the  abdominal  cavity  which  contained  a  few  ingesU'd  bacilli.  In 
number  2757  there  was  not  as  much  exudate  present  as  in  number  2152.  The  local 
reaction  about  the  point  of  inoculation  was  also  more  marked  in  guinea  pig  number 
2757,  there  being  a  hapmorrhagic  area  alwut  2  cubic  centimeters  in  diameter  about 
the  point  of  inoculation.  In  guinea  pig  number  2758  there  was  a  very  marked 
local  reaction  about  the  point  of  inoculation  with  extensive  hemorrhages  in  the 
tissues.  In  this  animal  there  was  practically  no  fluid  in  the  abdominal  cavity 
although  there  were  some  flakes  and  masses  of  fibrin  containing  a  fair  number  of 
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leucocytes  and  tliere  were  only  a  few  bacteria  and  a  moderate  number  of  leucocytes 
which  contained  bacteria  in  the  abdominal  cavity.  These  free  organisms,  however, 
took  a  distinct  bipolar  stain  and  some  of  them  appeared  capsulated.  Films  made 
by  rubbing  portions  of  the  omentum  upon  glass  slides  and  staining  the  prepara- 
tions showed  numerous  polymorphonuclear  leucocytes  and  large  mononuclear 
phagocytes.  A  number  of  these  contained  bacteria,  but  not  nearly  so  many  cells 
had  ingested  bacteria  as  in  the  case  of  guinea  pigs  numbered  2152,  2153,  and 
2157,  neither  was  the  number  of  bacteria  in  the  cells  so  great.  In  the  abdominal 
exudate  of  these  animals  and  in  the  omentum  there  was  a  distinct  reduction  in 
the  number  of  the  bacteria  inoculated  and  it  would  appear  that  the  organisms 
had  invaded  further  into  the  tissues  and  to  other  organs  such  as  the  spleen 
and  even  the  blood.  The  slight  evidence  of  phagocytosis  observed  in  this  animal 
would  appear  to  be  due  to  the  fact  that  the  bacteria  had  not  been  acted  upon 
by  immune  serum. 

Series  64. — Relating  to  the  mechanism  of  the  action  of  plague  immune  serum. 

Guinea  pig  number  2852:  One  agar  slant  culture  of  "Pest  Virulent"  from 
guinea  pig  number  2764,  second  transplant,  was  suspended  in  1  cubic  centimeter 
of  saline  solution.  This  suspension  together  with  1  cubic  centimeter  of  pest 
immune  serum  was  injected  into  the  abdominal  cavity  of  the  animal.  Micro- 
scopic examination  of  drops  of  fluid  from  the  abdominal  cavity  after  twenty 
minutes  showed  almost  complete  disappearence  of  the  bacteria.  There  were 
numerous  large  mononuclear  and  polymorphonuclear  cells  present,  none  containing 
bacteria.  After  fifty  minutes  there  was  still  no  evidence  of  bacteria  in  the 
exudate,  although  the  leucocytes  were  more  numerous.  The  animal  was  killed  one 
and  one-half  hours  after  inoculation.  The  omentum  and  posterior  abdominal  walls 
showed  enormous  numbers  of  bacteria,  a  large  number  of  which  had  been  ingested 
by  leucocytes. 

Guinea  pig  number  2853:  One  agar  slant  culture  of  "Pest  Virulent"  from 
guinea  pig  number  2852,  second  transplant,  was  suspended  in  2  cubic  centimeters 
saline  solution.  The  animal  was  inoculated  intraperitoneally  with  this  suspension. 
Microscopic  examination  of  drops  of  fluid  examined  from  the  abdominal  cavity 
after  twenty  minutes  showed  numerous  bacteria,  many  in  groups.  Comparatively 
few  leucocytes  were  present.  After  fifty  minutes  apparently  not  much  change 
had  taken  place.  There  were  still  many  bacteria  in  the  exudate  and  a  few  cells 
containing  organisms.  The  animal  was  killed  after  one  and  one-half  hours.  A 
few  leucocytes  were  found  in  the  abdominal  exudate:  a  number  of  these  con- 
tained  bacteria.  In  smears  from  the  omentum  enormous  numbers  of  bacteria 
were  found.     There  was  little  evidence  of  phagocytosis. 

Guinea  pifj  number  2593,  immune  guinea  pig-:  Inoculated  intraperitoneally 
with  1  agar  Riant  culture  of  "Pest  Virulent"  from  guinea  pig  number  2764, 
second  generation,  suspended  in  2  cubic  centimeters  saline  solution.  Drops  of 
fluid  taken  from  the  abdominal  cavity  after  twenty  minutes  showed  a  few  cells 
and  a  few  free  bacteria.  After  fifty  minutes,  numbers  of  large  mononuclear  cells 
were  visible  in  the  exudate,  many  of  these  were  packed  with  bacteria,  others  con- 
tained bacteria  lying  about  them.  These  organisms  did  not  stain  as  deeply  as 
normal  bacteria.  The  animal  was  killed  one  and  one-half  hours  after  inoculation. 
An  extensive  phagocytosis  of  the  bacteria  by  the  cells  of  the  omentum  was  found  to 
have  occurred.  But  there  were  also  large  numbers  of  bacteria  which  were  not 
ingested. 

Guinea  pig  nuinl)er  2854:  One-half  agar  slant  culture  "Pest  Vinil«it**  (from 
guinea  pig  numl)er  2764,  second  transplant)  was  suspended  in  0.6  eabie  oeuti- 
meter  saline  solution.     To  this  suspension  was  added  0.5  cubic  oentimeter  of  pflpt 
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immune  serum  and  the  mixture  injected  into  the  abdominal  cavity.  Microscopic 
examination  of  drops  of  fluid  after  twenty  minutes  showed  numerous  bacteria 
with  but  few  leucocytes.  No  evidence  of  phagocytosis  was  present.  After  sixteen 
Iiours  the  animal  was  killed.  A  small  amount  of  sticky  fluid  was  encountered  in 
the  abdominal  cavity,  containing  numerous  polymorphonuclear  leucocytes,  the 
great  majority  of  which  did  not  enclose  bacteria.  In  the  few  which  had  ingested 
pest  bacilli;  the  organisms  appeared  degenerated.  Very  few  free  bipolar  staining 
organisms  were  present.  In  the  omentum  evidences  of  an  extensive  phagocytosis 
existed.  However,  there  were  still  a  number  of  free  bacteria.  Some  of  the 
bacteria  had  apparently  invaded  other  organs  of  the  body. 

Guinea  pig  number  2855:  One-half  agar  slant  culture  "Pest  Virulent"  (from 
guinea  pig  number  2764,  second  transplant)  suspended  in  1  cubic  centimeter  of 
saline  solution  was  inoculated  into  the  abdominal  cavity.  Microscopic  exami- 
nation of  drops  of  fluid  from  the  abdomen  after  twenty  minutes  showed  numerous 
bacteria  and  comparatively  few  cells.  After  one  hour  a  few  large  mononuclear 
cells  containing  bacteria  were  present.  The  number  of  bacteria  was  considerably 
diminished.  The  animal  was  killed  after  sixteen  hours.  Very  few  bacteria 
were  found  in  the  abdominal  exudate.  Upon  the  omentum  and  surface  of  the 
abdominal  walls  innumerable  bacteria  w^ere  observed.  There  were  moderate 
numbers  of  leucocytes  present,  some  of  which  contained  organisms.  There  were 
also  a  number  of  free  bacteria  which  took  the  bipolar  stain  and  appeared 
encapsulated. 

Series  65. — Relating  to  the  mechanism  of  the  action  of  plague  immune  sera. 

Guinea  pigs  numbered  2751,  2860,  2862,  2864,  2867,  3050,  and  3059  were 
all  inoculated  intraperitoneally  with  1  cubic  centimeter  of  pest  immune  serum, 
mixed  with  1  cubic  centimeter  of  a  suspension  of  pest  bacilli  of  the  several 
straips  "Pest  Virulent,"  "Maassen  Alt,"  and  "Pest  Avirulent."  Guinea  pigs 
numbered  2863,  2868,  3051,  and  3060  were  employed  for  controls  and  were  ino- 
culated with  a  suspension  of  the  bacteria  to  which  was  added  1  cubic  centimeter  of 
saline  solution  in  place  of  immune  serum.  Drops  of  fluid  from  the  abdominal 
cavities  of  the  animals  were  examined  from  time  to  time,  from  five  minutes  to  one 
hour  after  the  inoculation,  the  animals  also  being  killed  at  various  periods  after 
the  inoculation.  These  examinations  demonstrated  that  the  "Avirulent"  strains  of 
pest  bacilli  do  to  a  certain  extent  become  swollen  and  undergo  degeneration  under 
the  influence  of  plague  immune  serum,  outside  of  the  phagocytes. 

However,  only  a  portion  of  the  bacteria  inoculated  showed  these  changes,  and 
a  typical  Pfeifl'er's  phenomenon  with  granular  destruction  of  the  bacilli  does  not 
occur,  the  degeneration  manifesting  itself  by  swelling  of  the  bacilli  and  their 
poor  and  irregular  staining  reactions.  The  experiments  on  these  animals  also 
demonstrated  the  other  phenomenon  of  phagocytosis,  etc.,  encountereil  in  the 
experiments  described  in  the  previous  series. 

The  individual  protocols  are  not  further  detailed  here,  the  reults  of  the 
experiments  having  been  fully  described  in  general  in  the  text.      (See  p.  262.) 


XI.  THE  ANTI-INFECTIOUS  POWER  OF  PLAGUE  SERUM. 

Since  the  report  of  Yersin,  Calniette  and  Borrel  in  1895,**  practically  all 
observers  have  recognized  what  niay  be  termed  the  anti-infectious  action  of 
plague  immune  serum.  The  disputed  point  has  been  rather  in  regard  to 
the  extent  of  its  curative  value.  As  has  already  been  mentioned,  it  was 
considered  advisable  to  investigate  to  what  amount  these  anti-infectious 
substances  became  developed  in  the  blood  of  animals  which  had  been  im- 
munized to  plague  infection  by  vaccination,  and  in  others  immunized 
in  the  same  manner  and  the  immunity  of  which  to  plague  infection  had  in 
addition  been  tested,  in  order  to  ascertain  whether  or  not  these  substances 
could  be  demonstratcKl  in  the  blood  of  such  animals  in  suflBcient  quantities 
for  the  method  of  their  detection  to  be  used  as  a  test  of  the  degree  of 
immunity  obtained  in  the  serum  of  human  beings  vaccinated  against 
plague.  The  method  employed  in  investigating  this  question  was  as 
follows :  A  rat  was  inoculated  intraperitoneal ly  or  subcutaneously  with  the 
serum  to  be  tested  while  at  the  same  time  the  animal  was  infected  bv 
thrusting  beneath  the  skin  near  the  tail  a  syringe  needle  which  had  been 
dipped  in  a  suspension  of  the  virulent  pest  organism.  Numerous  control 
animals  were  inoculated  in  all  the  series.  Rats  were  used  rather  than 
mi(*e  in  these  experiments,  since  a  much  more  accurate  determination  of 
the  value  of  plague  serum  can  be  made  with  these  animals  than  with  mice. 
However,  even  with  rats  there  is  considerable  individual  variation  in  regard 
to  their  reaction  to  plague  immune  serum.  Sometimes,  after  infection, 
one  rat  will  be  saved  by  a  dose  of  serum,  whereas  another  one  of  the 
same  size  and  which  has  rcH^eived  the  same  amount  of  it  will  succumb. 
For  this  reason  it  is  difficult  and  sometimes  impossible  accurately  to 
determine  the  dose  of  serum  which  is  just  sufficient  to  save  the  animals. 
The  method  used  in  testing  the  protection  obtained  by  the  rats  from  the 
serum  inoculations  was  somewhat  more  severe  than  that  which  has  been 
used  by  other  observers,  the  infecting  needle  employed  in  my  experiments 
being  larger;  however,  in  spite  of  this,  it  is  recognized  that  the  values  of 
the  immune  sera  which  I  have  experimented  with  were  not  high;  a  fact 
whi(!h  may  be  seen  from  a  study  of  the  tables. 

The  details  of  the  experiments  are  given  in  Series  8,  10,  13,  14,  15, 
19,  20,  22,  27,  45,  53,  and  57  (pp.  274  to  288). 

'^Ann.  d.  Vimt.  Pasteur  (1895),  9,  589. 
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We  learn  from  a  study  of  these  experiments  that  the  anti-infections 
substances  also  become  developed  ver}'  slowly  and  in  very  small  quantities 
in  animals  immunized  against  pest.  While  rabbits  which  have  been 
given  a  single,  small,  intravenous  inoculation  of  either  living  or  killed 
cholera  or  typhoid  bacilli  will  develop  a  serum  which  in  high  dilutions  is 
protective  for  guinea  pigs  against  multiple  lethal  doses  of  these  organisms, 
on  the  other  hand,  rabbits  which  have  been  intravenously  inoculated 
with  large  amounts  of  killed  virulent  or  with  living,  attenuated  plague 
cultures,  yield  sera  which,  when  tested  on  rats  show  apparently  no  pro- 
tective power  whatever  against  plague  infection.  Likewise,  as  large  an 
amount  as  5  cubic  centimeters  of  a  serum  obtained  from  a  rabbit  pre- 
viously inoculated  intravenously  with  20  milligrams  of  artificial  plague 
aggressin  proved  to  possess  no  anti-infectious  power  when  tested  on 
rats.  Monkeys  which  had  been  immunized  against  pest  by  vaccination, 
or  otherwise  by  inoculation,  and  which  had  been  shown  to  be  thoroughly 
immune  by  the  subcutaneous  inoculation  of  multiple  lethal  doses  of 
the  virulent  pest  strain,  furnished  sera  which  also  showed  no  tracer  of  anti- 
infectious  power  when  tested  on  rats.  Only  in  the  case  of  one  monkey 
(number  1357)  could  a  slight  anti-infectious  power  be  noted  and  this 
animal  had  received  repeated,  increasing  doses  of  virulent  pest  bacilli 
until  it  resisted  the  injection  of  1^  agar  slant  cultures  of  the  virulent 
pest  strain.  (See  Series  57,  p.  288.)  This  series  of  experiments  is  par- 
ticularly important  because  it  illustrates  that  the  negative  results  in  the 
demonstration  of  an  anti-infectious  action  obtained  with  the  serum  of 
monkeys  less  highly  immunized  against  pest,  could  not  be  ascribed  to  the 
lack  of  a  suitable  complement  to  complete  the  reaction  in  tlie  body  of  the 
rat. 

The  sera  of  thirty-three  human  beings  who  had  been  vaccinated 
against  pest  by  the  inoculation  of  attenuated  cultures  were  also  tested,  but 
in  no  instance  did  they  show  any  demonstrable  anti-infectious  value. 
However,  since  animals  which  had  proved  themselves,  thoroughly  immune 
to  pest  infection  also  furnished  sera  which  conferred  no  greater  protec- 
tion, it  would  not  be  reasonable  to  expect  that  the  human  sera  would  reach 
a  higher  power;  moreover,  the  serum  of  a  convalescent  plague  patient 
collected  five  days  after  the  symptoms  of  the  disease  had  subsided,  also 
showed  no  anti-infectious  value.  Only  in  the  case  of  horse's  serum, 
where  the  animal  had  finally  been  inoculated  with  repeated,  large  doses 
of  living  pest  bacilli,  could  any  marked  anti-infectious  action  be  demon- 
strated and  indeed  with  some  of  these  sera  it  required  as  much  as  1  cubic 
centimeter  to  save  the  rat  from  fatal  pest  infection.  There fote,  it  is 
unnecessary  to  emphasize  further  that  the  absence  of  the  anti-infcH^tious 
substances  against  pest  in  suflicient  quantities  to  be  demonstrated  in  a 
serum  can  not  necessarily  be  regarded  as  an  evidence  of  the  absence  of 
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even  a  considerable  immunity  against  this  disease  in  the  individual  in 
question,  since  in  animals  and  human  beings  known  to  be  thoroughly 
immune  to  pest  infection  it  has  also  not  been  possible  to  demonstrate 
these  protective  substances. 

EXPERIMENTS   IN  RATS  DEMONSTRATING  THE  ANTI-INFECTIOUS   POWER  OF 

PLAGUE   IMMUNE   SERA. 

Series:  8. — Experiments  with  the  species  **Mus  decumanus" 

One  48-hour  agar  slant  culture  of  "Pest  Virulent"  (from  guinea  pig  number 
1221,  second  transplant)  was  suspended  in  5  cubic  centimeters  saline  solution. 
A  5  cubic  centimeter  needle  was  dipped  in  the  suspension  and  thrust  under  the 
skin  near  the  root  of  the  tail  and  then  withdrawn.  Animals  numbered  1252,  1254, 
and  1256  received  pest  immune  serum  intravenously  just  before  being  stuck  with 
the  infected  needle. 


Animal 
No. 


Serum. 


Result. 


1249 


12.50 


1251 


1252  1.25  cc.  antipest 
serum  intraperito- 
neally. 

1253 

1254 
1255 


1  ec.  antipest  serum 
intrapcritoncally. 


1256     1  cc.  antipest  serum 

I      intra  peri  toneally. 
1257 


Dead  after 
days. 

Dead  after 
days. 

Dead  after 
days. 


Autopsy  and  remarks. 


Dead  after  4 
days. 

Dead  after  5^ 
days. 

Dead  after  3} 

days. 
Alive — 

Dead  after  3^ 

days. 
Alive __.. 

Dead  after  3^ 

days. 
Alive 

Dead  after  3 
days. 


No  pest  bacilli  found  in  smears  from  heart's 
blood.  Innumerable  from  region  near  point 
of  inoculation.    Bubonic  abscess. 

Few  pest  bacilli  in  heart's  blood  and  in  tiaraes 
near  point  of  inoculation.  Quite  numerous 
in  smears  from  spleen.  * 

Numerous  pest  bacilli  in  heart's  blood. 


Fair  numbers  of  pest  bacilli  in  heart's  blood. 

Animal  very  sick  for  7  days  after  inoculation. 

Pest  septicflcmia.    Fair  numbers  of  peet  bacilli  in 
heart's  blood. 


Smears  and  cultures  from  heart  and  spleen  show 
few  pest  bacilli.  On  examining  the  tissues 
near  the  point  of  inoculation  innumerable 
pest  bacilli  are  found.  Animal  evidentiy 
died  of  pest  intoxication. 

Bubo  of  the  right  inguinal  gland  in  which  pest 
bacilli  are  present.  No  organisms  found  in 
smears  from  the  heart's  blood. 

Countless  pest  bacilli  In  smears  from  the  tianies 
near  point  of  inoculation.  None  seen  in 
smears  from  the  heart's  blood. 

No  autopsy. 
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Series  10. — Experiments  with  rats. 

One  48-hour  agar  slant  culture  of  "Pest  Virulent"  (from  guinea  pig  number 
1221,  second  transplant)  was  suspended  in  5  cubic  centimeters  of  saline  solution. 
A  5  cubic  centimeter  syringe  needle  was  dipped  in  this  suspension  and  thrust 
beneath  the  skin  near  the  root  of  the  tail  of  each  animal.  Animals  numbered 
1265,  1267,  1268,  and  1273  received  intra  peri  toneally,  just  before  being  stuck  with 
the  infected  needle,  either  human  serum  from  cases  previously  vaccinated  against 
plague,  or  horses'  pest  immune  serum. 


Animal 
No. 


1264 


1265 


1266 


1267 


1268 

1269 

1270 
1271 
1272 
1273 

1274 
1275 


Serum. 


3  cc.  human  scrum 
case  III. 


2  cc.  serum  mixture 
human  eases  VI 
and  VIII. 

3  cc.  human  scrum 
case  V. 


2.5  cc.  antipest  serum. 


Result. 


Dead  after  3^ 

days. 
Dead  after  6} 

days. 
Dead  after  5 

days. 
do 


Dead  after  3} 
days. 

do 


Dead  after  5 

days. 
Dead  after  3^ 

days. 
do 


Dead  after  11 
days. 

Dead  after  3 

days. 
Dead  after  22 

days. 


Autopsy  and  remarks. 


Few  pest  bacilli  in  heart's  blood. 

Numerous  pest  bacilli  in  smears  from  spleen  and 
liver. 

Left  inguinal  bubo.  Smears  from  it  .show  nu- 
merous pest  bacilli  and  a  few  cocci. 

No  organisms  found  in  smears  from  blood,  spleen, 
near  point  of  inoculation,  or  right  axillary 
gland.  Cultures  from  the  heart  and  spleen 
developed  a  few  colonies  of  pest  bacilli. 

No  bacilli  found  in  the  heart's  blood.  Countless 
pest  bacilli  in  smears  made  from  tissues  near 
point  of  inoculation.    Many  bacilli  swollen. 

Very  few  pest  bacilli  in  smears  from  heart's 
blood.  Much  more  numerous  in  smears  from 
the  flank. 

Cover  slips  from  spleen  show  numerous  pest 
bifeilli. 

Pest  septica>mia.  Fair  numbers  of  pest  bacilli  in 
smears  from  heart's  blood. 

Fair  numbers  of  pest  bacilli  in  smears  from 
heart's  blood. 

Pest  septicemia.  Fair  numbers  of  pest  bacilli  in 
smears  from  spleen.  Inguinal  buboes  with 
countless  pest  bacilli. 

Few  pest  bacilli  in  smears  from  heart's  blood. 

Chronic  pest.    Buboes  about  point  of  inoculation 

!      contained  pest  bacilli.    Numerous  organisms 
I 

in  smears  from  spleen. 


Series  13. — Experiments  with  rats. 

One  48-hour  agar  slant  culture  "Pest  Virulent"  (from  monkey  number  1282, 
first  transplant)  was  suspended  in  5  cubic  centimeters  bouillon;  a  5  cubic  cen- 
timeter syringe  needle  was  dipped  in  this  suspension  and  then  thrust  beneath 
the  skin  of  each  animal  near  the  root  of  the  tail.  Rats  numbered  1308,  1310,  1312, 
1314,  1316,  1318,  and  1320  received  intraperitoneal ly,  just  prior  to  bt»ing  stuck 
with  the  infected  needle,  serum  from  human  cases  or  from  animals  which  had 
previously  been  vaccinated  or  otherwise  inoculated  against  plague. 
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Series  13 — Continued. 


Animal 
No. 

Serum  intraperi- 
neally. 

How  inocu- 
lated. 

Result 

Autopsy  and  remarks. 

1307 

1308 
1309 
1310 

1311 
1312 

1313 
1314 

1315 
1316 

1317 
1318 

1319 

1320 
1321 

Stuck  with  5 
cc.  syringe 
needle. 

do 

Dead   after 
8  days. 

do 

• 

Numerous  pest  bacilli  in  the  spleen. 

Fair  numbers  of  pest  bacilli  in  smears 

from  spleen. 
Innumerable  pest  bacilli  in    smears 

from  spleen. 
Smears  from  spleen  show  a  few  bacilli. 

Organisms  very  numerous  near  point 

of  inoculation. 
Few  pest  bacilli  in  smears  from  spleen. 
Pest    septicemia.    In    smears    from 

spleen  numerous  pest  bacilli. 

Numerous  pest  bacilli  in  smears  from 

spleen. 
Numerous  pest  bacilli  in  smears  from 

spleen.    Many  within  leucocytes. 

Few  pest  bacilli  in  tissues  about  point 

of  inoculation. 
Numerous  pest  bacilli  and  post-mortem 

invading    bacilli    in    smears    from 

spleen. 
Pest   septicemia.    Innumerable   peat 

bacilli  in  smears  from  the  spleen. 
Many  post-mortem   invading  bacilli 

and  a  few  pest  bacilli  in  smears  from 

the  spleen. 
Fair  number  of  pest  bacilli  in  smears 

from  spleen,  also  a  number  of  large 

post-mortem  invading  bacilli  present. 
Numerous  pest  bacilli  in  smears  from 

the  spleen. 
A  few  pest  bacilli  in  smears  from  the 

spleen.    None  found  near  point  of 

inoculation. 

2  cc.  serum  from 
case  10. 

do 

Dead   after 

5  days. 
Dead   after 

3  days. 

do 

2  cc.  serum  from 
case  12. 

do 

do 

2    cc.    of   serum 
from  animal 
1965.» 

do 

do 

Dead   after 
2i  days. 

do 

2  cc.  serum  from 
animal     No. 
No.  i9eo.t 

do 

do 

Dead   after 
3  days. 

Dead  after 
1}  days. 

Dead  after 
3  days. 

do 

2  cc.  serum  from 
animal  No.  19G0. 

do  „ 

do 

2  cc.  serum  from 
animal  No.  1960. 

do -_ 

..t..do 

do 

Dead   after 
8  days. 

Dead   after 

3  days. 
Dead   after 

15  days. 

2  cc.  from  animal 
No.  1965. 

do 

do 

*1965   had    been   previously   inoculated   intravenously  with  5   cubic   centimeters  Haffkine's 
prophylactic. 
1 1960  had  been  previously  inoculated  intravenously  with  one  48-hour  culture  "Pest  Avirulent." 
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Sebies  14. — Ewperimewta  with  rata, 

A  3-day  agar  culture  of  'Test  Vinilent"  (first  transplant)  was  suspended  in 
5  cubic  centimeters  of  bouillon.  A  5  cubic  centimeter  needle  was  dipped  in  this 
suspension  and  rats  numbered  1330  to  1341  inoculated  by  thrusting  the  needle 
subcutaneously  near  the  root  of  the  tail.  Rats  numbered  1330  to  1337  received 
intraperit<meally,  just  prior  to  being  stuck  with  the  infected  needle,  serum  from 
human  cases  which  had  previously  been  vaccinated  against  plague. 


Animal 
No. 

Serom  intn- 
peritoneally. 

How  inocu- 
Uted. 

• 

Result. 

Autopsy  and  Remarks. 

18S0 

4  cc  from 

Stuclc  with  5 

Dead  after 

Fair  number  of  pest  bacilli  in  smears  from 

c«nll. 

cc.  syringe 
needle. 

8  days. 

spleen.    Abdominal  cavity  appears  nor- 
mal. 

18S1 

5  cc.  fmm 
case  12. 

do 

do 

Only  one  pest  bacillus  found  in  a  smear  from 
the  spleen.    Clountless  numbers  near  the 
point  of   inoculation.    (Edema,   hflpmor- 

•  rhagic  infiltration,  etc.,  about  this  area. 
Abdominal  cavity  normal  in  appearance. 

1SS2 

5  cc.  from 

do. 

Dead  after 

Very  numerous  pest  bacilli  in  smears  from 

case  9. 

5da]r8. 

the  spleen. 

188S 

do 

do. 

Dead  after 
8  days. 

Innumerable  pest  bacilli  in  smears  from  the 
spleen.    Abdominal  cavity  normal. 

US4 

2.5  cc.  from 

do 

do 

Innumerable  pest  bacilli  in  smears  from 

case  17. 

spleen. 

1335 

do 

do 

Dead  after 
U  days. 

Abdominal    cavity    appears    normal.     No 
serum  present.    Fair  numbers  of  pest  ba- 
cilli in  smears  made  from  tissues  near 
point  of  inoculation. 

1896 

2.5  cc.  mix- 

do 

Dead  after 

Fair  number  of  pest  bacilli  in  smears  from 

tare  from 

3  days. 

spleen. 

cases    18 

and  10. 

• 

13S7 

do 

do 

Dead  after 
4  days. 

Few  bacilli  in  smears  from  spleen.    Innu- 
merable about  point  of  inoculation.    Infil- 
tration and  hemorrhage  about  this  area. 

1S8S 

-. 

do 

Dead  after 
3  days. 

Fair  number  of  pest  bacilli  in  smears  from 
spleen. 

ISW 

do_. 

Dead  after 

Very  numerous  pest  bacilli  in  smears  from 
spleen. 

4  days. 

1840 

do 

Dead   after 

No  organisms  in  smears  from  spleen.    Fair 
numbers  near  point  of  inoculation. 

li  days. 

1841 

.,,--» ._ ..... 

do_.. 

do 

Fair  numbers  of  \)eft  bacilli  about  point  of 

inoculation. 
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Sebies  15. — Experiments  with  rata, 

• 

One  48-hour  agar  culture  "Pest  Vinilent"  (guinea  pig  number  1296)  sus- 
pended in  5  cubic  centimeters  bouillon;  a  5  cubic  oentimter  needle  was  dipped 
in  this  suspension  and  then  thrust  beneath  the  skin  near  the  root  of  the  tail  of 
each  animal.  All  the  rats  except  the  two  numbered  1348  and  1353  received  intra- 
peritoneally,  just  prior  to  being  stuck  with  the  infected  needle,  serum  from  human 
cases  or  animals  previously  vaccinated  against  plague. 


Animal 
No. 

Serum  intraperito- 
neally. 

How  inocu- 
lated. 

Result 

Autopsy  and  remarks. 

1342 

5    cc.    of    scrum 

Stuck  with  5 

Dead  after 

Fair  number  of  pest  bacilli  in  smears  ' 

from  case  14. 

cc.  needle. 

4  days. 

from  spleen. 

1343 

2    cc.    of    serum 
from  case  14. 

do 

do.    

Do. 

1344 

2.5     cc.      serum 

do 

Dead  after 

Numerous  pest  bacilli  and  post-mor- 

from case  15. 

2  days. 

tem  invading  bacilli  in  smears  from 

• 

• 

spleen. 

1345 

do 

do-. - 

Dead   after 

Numerous  pest  bacilli  in  smears  from 

5  days. 

spleen. 

1346 

5    cc.    of    serum 

do— 

Dead   after 

No  bacilli  found  in  smears  from  spleen. 

from       animal 

8  days. 

Innumerable  from  tissues  near  point 

No.  1966  • 

of  inoculation. 

1847 

do 

do 

do 

Very  few  bacilli  found  in  smears  from 

spleen.    Innumerable  near  point  of 
inoculation. 

1348 

do      

do 

Innumerable   pest  bacilli  in  smears 
from  the  spleen. 

1349 

5  cc.  serum  from 

do... 

Dead   after 

A  fair  number  of  pest  bacilli  in  smears 

animal         No. 

4  days. 

from  spleen. 

1967.  t 

1350 

do 

do 

Dead  after 
2  days. 

No  pest  bacilli  seen  in  smears  from 
spleen.    A  few  post-mortem  invad- 

ing bacilli  present. 

1351 

2.5  cc.  serum  from 

do 

Dead   after 

A  few  pest  bacilli  in  smears  from 

animal         No. 

3da3rs. 

spleen. 

1967. 

1352 

do 

do 

Dead   after 

Fair  number  of  pest  bacilli  in  smears 

4  days. 

from  spleen.    Numerous  post-mor- 
tem invading  bacilli. 

1353 

._     do 

Dead  after 

Few  pest  bacilli  in  smears  from  spleen. 

3  days. 

*  Number  1965  had  been  previously  inoculated  intravenously  with  5  cubic  centimeters  Haffkine's 
prophylactic. 

t Number  1967  had  been  previously  inoculated  intravenously  with  1  cubic  centimeter  autolyzed 
product  digested  from  20  milligrams  of  the  strain  "Pest  Virulent." 
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Series  19. — Experiments  with  rata. 

November  9,  one  48-hoiir  agar  slant  culture  of  "Pest  Virulent"  (from  guinea 
pig  number  1356,  first  transplant)  was  suspended  in  5  cubic  centimeters  of 
bouillon;  a  5  cubic  centimeter  syringe  needle  was  dipped  in  this  suspension  and 
each  animal  inoculated  by  thrusting  the  needle  beneath  the  skin  near  the  root 
of  the  tail.  Animals  numbered  1386  to  1407  received  intraperitoneally,  just  prior 
to  being  stuck  with  the  infected  needle,  serum  from  human  cases  previously  vac- 
cinated against  plague.  Rat  number  1412  received  0.5  cubic  centimeters  of  an 
antipestic  immune  serum. 


Animal 
No. 

Senim  intra- 
peritoneally. 

How  inocu- 
lated. 

Result. 

Autopsy  and  remarks. 

1886 

4.26        cc. 

Stuck  with 

Dead   after 

Very  numerous  pest  bacilli  in  smeara  from 

from  case 

infected 

3  days. 

spleen. 

19. 

needle. 

1887 

do 

do 

do- 

Do. 

1888 

4   cc.  from 
CHae20. 

do 

_„._do 

Do. 

1389 

do 

do-_ 

Dead   after 
4  days. 

Numerous  pest  bacilli  in  smears  from  spleen. 

1890 

2  CC.  from 

do 

do 

Numerous  pest  bacilli  in  smears  from  spleen. 
Intestinal  wall  dark  and  hemorrhagic  in 

caiie21. 

places. 

1391 

8.5  cc.  from 
case  28. 

.do 

do 

Innumerable  pest   bacilli    in    smears   from 
spleen. 

1892 

-     _do 

do 

do 

Intestine     haemorrhagic     in     places.    Innu- 
merable pest  bacilli  in  smears  from  spleen. 

1898 

8  cc.  from 
case  24. 

do 

do 

Innumerable    pest    bacilli    in   smears   from 
spleen. 

1394 

do 

• 

do 

do 

Very  few  pest  bacilli  in  smears  from  the  spleen. 
Innumerable  near  the  point  of  inoculation. 

1396 

8  cc.  from 

do 

do 

A  few  pest  bacilli  in  smears  from  the  spleen. 

case  26. 

1396 

4  cc.  from 
caae26. 

do 

do 

Numerous  pest  bacilli  in  smears  from   the 
spleen. 

1897 

do 

l„„do - 

Dead   after 

A  very  few  typical  i>e8t  bacilli  in  smears  from 

3  days. 

spleen. 

1898 

4.5  cc.  from 

, do 

do 

A  fair  number  of  pest  bacilli  in  smears  from 

case  27. 

1 

the  sple^^n,  appearing  in  clumps. 

1399 

do 

do 

Dead    after 
4  davM. 

Numerous  pest  and   post-mortem   invading 
bacilli  in  smears  from  the  spleen. 

1400 

6  cc.  from 

; do 

Dead    after 

No  bacilli  found  in  smears  from  the  spleen  or 

cane  28. 

8  days. 

near  point  of  iiioeulation. 
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Series  19 — Continued. 


Animal  Serum  intra- 
No.    I  peritoncally. 


1401     5  cc.    from 
case  28. 


1402 


1403 


1404 


1405 


1406 


1407 


1406 


1409 


1410 


1411 


1412 


1413 


0.5  cc.  anti- 
p  e  B  t  i  c 
senim. 


How  inocu- 
lated. 


Stuck  with 
infected 
needle. 


4   cc.  from 

case  29. 
do 

do 

do 

2.5  cc.  from 
case  81. 

do 

do 

do 

3.25  cc.  from 

case  33. 
do 

do 

do 

do 

do 

do 

do- 

.do 


.do 


Result 

Dead   alter 
7  days. 


Dead   after 

4  days. 
Dead   after 

3  days. 
do 


Dead  day  of 
inocula- 
tion. 

Dead  after 
8  days. 

Dead  after 
4  days. 

I>ead  after 
2  days. 

Dead  after 
4  days. 

Dead  after 
6  days. 

Dead  after 
4  days. 

do 


Dead   after 
3  days. 


Autopsy  and  remarks. 


No  pest  bacilli  found  in  smean  from  the  spleen 

or  in  tissues  near  the  point  of  inoculation. 

Spleen  small.    No  infiltration  about  point  of 

inoculation.    It  is  not  clear  that  this  rat  died 

of  pest  infection. 
Innumerable   pest   bacilli    in   smears   from 

spleen. 
Very  numerous  pest  bacilli  in  smears  from 

spleen. 
Very  few  pest  bacilli  in  smears  from  the 

spleen.    Innumerable  in  smears  from  tissues 

near  point  of  inoculation. 


Very  numerous  pest  bacilli  in  smears  from 

spleen. 
Numerous  pest  bacilli  in  smears  from  spleen. 

A  few  pest  bacilli  in  smears  from  spleen. 

A  fair  number  of  typical  pest  bacilli  in  smears 

from  spleen. 
Very  numerous  pest  bacilli  in  smears  from 

spleen. 
Do. 

Numerous  pest  bacilli  in  smears  from  the 
spleen.  Many  swollen.  A  few  near  the 
point  of  inoculation. 

Very  numerous  pest  bacilli  in  smeara  from 
spleen. 


It  might  be  argued  that  not  a  sufficient  numW  of  animals  were  inoc- 
ulated in  the  different  series  with  each  serum  for  the  results  to  be  xx)nclu- 
sive,  since  it  is  well  known  that  in  a  series  of  rats  inoculated  with  a  pest 
iininune  serum  of  higli  value,  a  certain  number  of  animals  are  not  pro- 
tected and  always  die  of  pest  infection  after  inoculation  with  a  virulent 
organism,  and  indeed,  the  single  animal  of  this  series  inoculated  with  the 
horse's  pest  imnnine  serum  succumbed  to  pest.     However,  it  seems  prob- 
able that  in  such  a  long  series  of  animals,  if  there  were  any  the  blood  o 
which  poss(»ssed  marked  anti-infectious  power,  the  evidences  of  this  fa( 
would  be  presented  by  at  least  some  of  the  animals.     Only  in  the  seni 
of  case  28  is  there  any  evidence  what(»vcr  of  an  anti-infectious  power  ai 
there  is  no  further  evidence  of  this  nature  in  any  of  the  other  ser 
of  rats  which  have  been  inoculated  with  serum  from  human  eases  v 
cinated  against  plague.     (Compare  with  Series  22,  p.  281  animals  1' 
and  1455.) 
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Series  20. — Experiments  \inih  rats. 

November  11,  one  70-hour  agar  slant  culture  of  "Pest  Virulent"  (from  guinea 
pig  number  1354,  first  transplant),  was  suspended  in  5  cubic  centimeters  of 
bouillon;  a  5  cubic  centimeter  syringe  needle  was  dippe<l  in  this  suspension  and 
thrust  beneath  the  skin  near  tlie  root  of  the  tail  of  each  animal.  Animals  num- 
bered 1423,  1425  and  1427,  1420  and  1431  and  1433  received  intraperitoneally  1  to 
2  cubic  centimeters  of  an  antipest  immune  serum  just  prior  to  being  stuck  with 
the  infected  needle. 


Animal 
No. 

Amount  of 
Herum  intra- 
peritoneally. 

How 
inoculated. 

Result. 

Autopsy  and  remarks. 

1423 

2  cc.  an  ti  pest 

Stuck  with 

Dead   after 

Carbolic  acid  poisoning. 

serum. 

5  cc.  syr- 
inge nee- 
dle. 

half  hour. 

1414 

do 

Dead   after 
4  days. 

Few  bacilli  in  smears  from  spleen.    Innu- 
merable near  point  of  inoculation. 

1425 

2  cc.  antipest 

do 

Dead   after 

No  organisms  found  in  smears  near  point 

serum. 

11  days. 

of  inoculation.    In  cultures  from  spleen 
no  pest  bacilli. 

1426 

do 

Dead   after 
4  days. 

Innumerable  pest  bacilli  in  smears  from 
tissues  near  point  of  inoculation. 

1427 

2  cc.  antipest 
serum. 

do 

Alive 

1428 

do 

Dead   after 

Innumerable  i>est  bacilli  in  smears  from 

4  days. 

spleen. 

1429 

2  cc.  antipest 
serum. 

do 

Dead    after 
i  hour. 

Carbolic  acid  poisoning 

1430 

do 

Dead   after 

Very  numerous  pest  bacilli  in  smears  from 

5  days. 

spleen. 

'       1431 

1  cc.  antipest 
serum. 

do 

Alive 

1432 



do 

Dead   after 
3  days. 

Numerous  pest  bacilli  in  smears  from  the 
spleen. 

1433 

0.6  cc.    anti- 
pest serum. 

do 

Dead   after 
1  day. 

Probably  carbolic  iwisouing. 

1434 

do 

Dead   after 

Numerous  pest  bacilli  in  smears  from  the 

3  days. 

spleen. 

Series  22. — RtyeritHents  mth  rats. 

On  November  17,  one  48-h(mr  agar  slant  culture  of  "Pest  Virulent"  (from 
guinea  pig  number  1383,  second  transplant)  was  suspendcHl  in  5  cubic  centimeters 
bouillon,  a  5  cubic  centimeter  needle  was  dipi>e<l  in  thi.s  suspension  and  thrust 
beneath  the  skin  near  tlio  root  of  the  tail  of  each  animal.  Ilats  numbered  1453  to 
1463  inclusive  received  intraperitoneally,  just  prior  to  being  stuck  with  the 
infected  needle,  serum  of  monkeys  which  liad  been  previously  inoculated  and 
subsequently  had  been  shown  to  he  entirely  immune  to  large  doses  of  the  strain 
•'Pest  Virulent." 
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Series  22 — Continued. 


Animal 
No. 


Serum  intraperi- 
toneally. 


14^3  2  cc.  nenim  from 
monkey  No. 
1285.« 

1454  2  cc.  Berum  from 
monkey  No. 
1278.  t 

1455   do 


How 
infected. 

Stuck  with 
infected 
needle, 
.do 


1456 


1457 


14.58 


1459 


1460 


1461 


1462 


1463 


1464 


1465 


1466 


1467 


1468 


1469 


1170 


.do 


.do 


0.75    cc.     serum 

from     monkey 

No.  1278. 
2  cc.  serum  from 

monkey       No. 

1231. J 
do 


.do 


....do 


do.. 


.do 


.do 


do 


.do 


.do 


.do 


..do  __ ___! do 


.do 


.do 


Result. 


Dead  after 
4  days. 

Dead   after 
12  days. 

Dead   after 

6  days. 
do 


Dead   after 

4  days. 
Dead   after 

5  days. 

Dead   after 

6  days. 

Dead   after 

5  days. 
Dead  after 

4  da>*8. 
Pead   after 

1  day. 
Dead   after 

5  days. 
Dead  after 

4  days. 
do 


do 


do 


I 


Dead   after 

2  days. 
Dead   after 

3  days, 
do ■  Dead   after 

5  days. 


do 


do 


i 


Dead   after 

4  days. 
Dead   after 

8  days. 


Autopsy  and  remarks. 


Very  few  pest  bacilli  in  smears  from 
point  of  inoculation. 

Few  pest  bacilli  in  smears  from  spleen. 
None  found  at  point  of  inoculation. 

Numerous  pest  bacilli  in  smears  from 
spleen. 

Numerous  pest  bacilli  near  point  of  inoc- 
ulation. None  seen  in  smears  from 
the  spleen. 

Very  few  bacilli  in  smears  from  spleen. 
No  local  lesion  apparent 

Few  bacilli  in  smears  from  spleen. 
Spleen  gn>^atly  swollen. 

No  pest  bacilli  found  in  smears  from  the 
spleen.  Much  necrosis  and  rpdema  of 
tissue  near  point  of  inoculation. 

Very  numerous  pest  bacilli  in  smears 
from  the  spleen. 

Numerous  pest  bacilli  in  smears  from 
spleen. 


Very  numerous  pest  badlli  in  smears 
from  spleen. 
Do. 

Numerous  pest  bacilli  in  smears  from 

spleen. 
Few  pest  bacilli  near  the  local  lesion. 

Innumerable  pest  bacilli  in  smears  from 

spleen. 
A  few  pest  bacilli  in  smears  from  the 

spleen. 
Fairly  numerous  pest  bacilli  in  smears 

from  spleen. 
Fair  number  pest  bacilli  in  smears  from 

spleen. 


♦Monkey  number  1285  wa«  inoculated  October  20  by  thrusting  beneath  the  skin  a  5  cubic  centim- 
eter syrinf^e  ncH^'dle  which  had  been  dipped  in  a  bouillon  suspension  of  an  agar  slant  of  "Pest  Viru- 
lent." ItsufTerod  a  mild  pest  infection  and  on  October  25  was  reinoculated  with  2  oesen  of  the 
strain  "Pest  Virulent."  It  survived  this  inoculation  and  on  November  16  was  killed  by  bleeding 
and  the  value  of  it^  serum  tested  as  above.  Its  agglutinative  power  tested  November  17  was  found 
to  be  entirely  negative  even  in  dilutions  of  1  or  2. 

t  Monkey  number  1278  was  vaccinated  October  19  with  a  culture  of  "Pest  Avirulent."  On  October 
30  it  was  reinoculated  with  2  oesen  "Pest  Virulent,"  and  proved  to  be  immune.  It  was  killed 
Noveml>er  16  by  bleeding  and  the  anti-infectious  value  of  its  serum  tested  as  above.  Its  aggluti- 
native power  tested  November  17  wa.s  entirely  negative  in  dilutions  as  low  aslto2orlto4  after 
four  hours. 

X  .Monkey  number  1231  was  inwhlated  on  October  20  by  thrusting  beneath  the  skin  a  5  cubic  centi- 
meter syringe  needle  that  had  previously  been  dipped  in  a  suspension  of  an  agar  slant  of  "Pest 
Virulent."  It  suffered  a  mild  pest  infection  and  on  October  25  was  inoculated  with  2  oesen  of  "Pest 
Virulent"  which  it  survived.  On  November  16  it  was  killed  by  bleeding  and  the  anti-infectious 
power  of  its  serum  tested  as  above.  Its  agglutinative  value  with  the  strain  "Pest  Virulent"  was 
tested  on  November  17  and  found  to  be  entirely  negative  in  dilutions  of  1  to  2  and  1  to  4  after  four 
hours. 
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SeKrB<  27.— ExpfrinimlK  with  mte. 

One  48-liour  H|nti*  Blant  culture  of  "Pent  Virulent"  frnin  guinea  pig  uumbered 
1069,  first  transpiniit  was  suspended  in  5  cubic  centimeters  of  bouillon;  a  S 
cubic  centimeter  ayriiigi'  needle  waajiipped  in  this  suspension  and  thrust  beneath 
the  skin  iiciir  thp  root  of  the  tail  of  each  animal.  Rats  numbered  1677  to  1686 
received  nliiippritoneiillj  pest  immune  serum  just  before  being  stuck  with  the 
infect«d  needle. 


Dlntod 

How 

„„„.. 

pesi 

Stuck  vriUi 

Dpsd   Bitcr     \ 

'■'1 

Infected 

needle. 

-—do 

7  dsJ'B- 

Allvc    nnd 
well,         1 

-—do 

-—do 

Dead   after  1  1 

i  dnjB. 
Dead    J»j\- 

d«j-. 

-do ALLve 

j     «ell. 
.'  Doad    Jan 


BTabLe  typicAl  pent  bacilli  Imm  point 
jciilalion.  Pew  1[  any  oi^nfnns  tn 
rs  Irom  the  itpk'en. 


Dead  Biter 

Fair    numl>ers   ol   typical   pc 

t   bacilli    In 

8  days. 

smcan  from  the  gpleen. 

Do. 

4<tay-. 

'mean  Irom 

flda>-». 

spleen. 

Dead   atler 

Nud.erou>p»tb.cilinr.in.ea>i 

from  spleen. 

S  days. 

Dead   alter 

Very  numerous  pest  bacilli  In 

Mnean,  from 

ins 

1«M 

Dead    after  ,  No  organisms  fonnri  In  amcnn  from  spleen. 

Sdaya.       I  Inniitnerable  pest  bacilli   near  point  of 

....del .  Innumersblu   pest   hacllll  In  smcan  Irom 

—do '  Fair    numben*    of   typical    peat  bacilli   in 

I  ■iiii'ST*  iriim  xjilcen. 

l>cad   afiiT  Typical  p«l  bacilli  Irom  Ihc  local  lodon. 

ITdays.  Fair    niimbi.ni   nf   typical   orRanlsms   in 

.  fliic-«h((r()iiUliiJBpl™n. 

I'racl    alter  Nntneroui  typical  pest  liacllli  In  sniean  [mm 

4  days.        I  spleen. 

IKwd    alter  .  Numerous  pesi  baclltUniimearslromBpleen. 

-do Very    numerous    typical    peal    bacilli    In 

IK-ad    after  Innumerable  pest  bacilli  In  smean  from  Uie 


1  days. 


-plee 


BBflTO 9 


284 


STRONG. 


Series  45. — Experiments  with  iohite  rats. 

October  26,  one  48-hour  agar  culture  of  "Peat  Virulent"  (from  guinea  pig 
number  2583,  second  transplant)  was  stispended  in  5  cubic  centimeters  of  bouillon. 
A  5  cubic  centimeter  syringe  needle  was  dipped  in  this  suspension  and  thrust 
beneath  the  skin  of  the  animal  near  the  base  of  the  tail.  Ten  of  the  rats  received 
intraperitoneally  1  cubic  centimeter  of  pest  immune  serum  at  the  time  of  being 
stuck  with  the  infected  needle,  and  ten  received  the  same  amount  of  serum  twenty- 
four  hours  after  the  infection.  Three  received,  at  the  time  of  the  infection, 
human  serum  from  a  case  which  had  suffered  from  bubonic  plague  and  recovered. 
The  blood  was  collected  five  days  after  the  symptoms  of  the  disease  had  subsided 
and  the  serum  separated  and  preserved  in  0.5  per  cent  carbolic  acid.  The  remain- 
ing 15  rats  received  no  serum. 


Animal 
No. 

Serum  intraperi- 
toneally. 

Infected 
October  26. 

Result. 

Autopsy  and  remarks. 

'  2595 

Oct.  26, 1  cc.  pest 

Stuck  with 

Dead  Oct.  30, 

No  pest  bacilli  in  smears  from  spleen. 

immune  serum. 

5  cc.  syr- 
i  n  g  e  - 
needle 
*  dipped  in 
suspen- 
sion "Pest 
Virulent." 

after  4  days. 

Innumerable  about  point  of  inoc- 
ulation. 

2596 

Oct.  27,  1  cc.  pest 

do 

Dead  Oct.  31, 

Ver>'   few   bacilli   in   smears  from 

immune  scrum. 

after  5  days. 

spleen.  Numerous  in  tissues  near 
point  of  inoculation. 

2597 

do 

Dead  Oct.  29, 

Innumerable  pest  bacilli  near  point 
of  inoculation. 

after  3  days. 

2598 

Oct.  26,  1  cc.  pest 

do 

Dead  Nov.  3, 

Verj'   few   bacilli   in   smears   from 

immune  serum. 

after  8  days. 

spleen.  Heemorrhagic  area  at 
point  of  inoculation,  containing 
numerous  bacilli. 

2599 

Oct.  27,  1  cc.  pest 

do 

Dead  Oct.  30, 

Fair  number  of  pest  bacilli  in  smears 

immune  serum. 

after  4  days. 

from  the  spleen. 

2600 

do 

..  do 

Very  numerous  pest  bacilli  in  smears 
from  spleen. 

2601 

Oct.  26,  1  cc.  pest 
immune  serum. 

do 

Alive    and 
well. 

2602 

Oct.  27,  1  cc.  pest 
immune  serum. 

do 

do 

2603 

.do 

Dead  Oct.  30. 

Numerous  pest  bacilli  in  smears  from 
spleen. 

after  4  days. 

2604 

Oct.  26,  1  cc.  pest 
immune  serum. 

do 

Alive    and 
well. 

2605 

Oct.  27,  1  cc.  pest 

do 

Dead  Oct.  31, 

Fair  number  of  pest  bacilli  in  smears 

immune  serum. 

after  5  days. 

from  spleen. 

2606 

do 

Dead  Oct.  29, 

Do. 

after  3  days. 

2(>07 

Oct.  2<),  1  cc.  pest 

do 

Dead  Nov.  1, 

Few    pest   bacilli   in   smears  from 

immune  serum. 

after  6  days. 

spleen.  More  numerous  near 
point  of  inoculation. 

2608 

Oct.  27,  1  cc.  pest 
immune  scrum. 

do 

Alive    and 
well. 

2609 
2610 

do 

-do 

Oct.  26,  1  cc.  pest 
immune  serum. 

do 

do 
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Series  45 — Continued. 


Animal 
No. 

Serum  intraperi- 
•      toneally. 

Infected 
October  26. 

Result  ' 

Autopsy  and  remarks. 

2611 

Oct  27, 1  cc.  pest 

Stuck  with 

Alive    and 

immune  serum. 

5  cc.  syr- 
i  n  g  e  - 
needle 
dipped  in 
suspen- 
sion "Pest 
Virulent" 

well. 

• 

2612 

do 

Dead  Oct.  29, 
after  3  days. 

Innumerable  pest  bacilli  in  smears 
from  point  of  inoculation. 

2618 

Oct.  26,  1  cc.  pest 
immune  serum. 

do 

Alive      and 
well. 

2614 

Oct.  27, 1  cc.  pest 

do 

Dead  Oct.  29, 

Fair  number  of  pest  bacilli  in  smears 

immune  serum. 

after  3  days. 

from  spleen. 

2615 

do 

do 

Moderate  numbers  of  pest  bacilli  in 

smears  near  point  of  inoculation. 

2616 

Oct  26, 1  cc.  pest 

do 

Dead  Nov.  2, 

Few  pest  bacilli  in  smears  from  the 

immune  serum. 

after  7  days. 

spleen.    About  point  of  inocula- 
tion a  red  spot  about  3  mm.  in 
diameter.    Smears  from  this  area 
show  numerous  pest  bacilli. 

2617 

Oct  27,  1  cc,  pest 
immune  serum. 

do 

Alive      and 
well. 

2618 

do 

Dead  Oct.  30, 

Numerous  pest  bacilli  in  smears  from 

after  4  days. 

spleen. 

2619 

Oct  26, 1  cc.  pest 
immune  serum. 

do 

Alive      and 
well. 

2620 

Oct  27,  1  cc.  pest 

do 

Dead  Nov.  2, 

Few  swollen  pest  bacilli  in  smears 

immune  serum. 

after  7  days. 

from    spleen.    Fairly     numerous 
about  point  of  inoculation,  where 
cocci  are  also  present. 

2621 

do 

Dead  Oct.  30, 

Numeipus  pest  bacilli  in  smears  from 
spleen. 

after  4  days. 

2622 

Oct  26,  1  cc.  pest 
immune  serum. 

do 

Alive      and 
well. 

2623 

Oct.  27,  1  cc.  pest 

do 

Dead  Oct.  30, 

Few    pest   bacilli    in    smears    from 

immune  scrum. 

after  4  days. 

spleen.    Numerous  from  point  of 
inoculation. 

2624 

do 

Dead  Oct.  29. 
after  3  days. 

Innumerable  pest  bacilli  in  smears 
from  spleen. 

2625 

Oct  26,  2  cc.  hu- 

 do 

do 

Very  numerous  pest  bacilli  in  smears 

man  scnim. 

from  .spleen. 

2626 

Oct.  2«>.  1  cc.  hu- 

do 

_  ..do... 

Fair  number  of  pe>it  Uicilli  in  smears 

man  serum. 

from  spleen. 

2627 

....  do 

..do 

Innumerable  pest  Imcilli  in  smears 
from  spk't'U. 

2628 

do 

Dead  Oct.  30, 
after  4  days. 

Few    pest    bacilli    in    smears    from 
spleen. 

2629 

do 

Dead  Oct.  29, 
after  3  days. 

Numerous  \>est  bacilli  in  smears  from 
spleen. 

26S0 

do 

Dead  Oct.  31, 
after  5  days. 

Do. 

i 

2631 

Oct  26,  1  cc.  hu- 
man serum 

1 do 

Dead  Oct.  29, 
after  3  days. 

Do. 

2632 

do 

do -_ 

Do. 

Sebies  53. — Experiments  vnth  ichite  rata. 


November  6,  one  3-day  culture 
2694,  sccoQii  transplant.  v,nx  nu»] 
cubic  i-cntiriiftef  syringe  needle  ( 
imiciilatud  bj  thrusting  Iheni 


!  "Peitt  Virulent"  from  guine*  pig  number 
iji'ij  ir\  5  cubic  centiinet«ra  bouilloa.  A  5 
I  dipped  in  this  suBpenaion  and  each  rat 
leath  the  skin  near  the  root  of  the  tail.     Ten 


of  the  ruts  were  given  subcut(inwiii-l,i  cubic  c.'ritirju/lcr  nf  a  pest  ii 
at  the  linip  of  tlio  infection  with  the  needle.  Ten  utJiers  were  given  the  same 
amount  of  serum  twenty-four  hours  after  the  infection,  and  those  which  remained 
alive  of  the  third  t«n  (nine)  wcW  inoculuteil  willi  1  cubic  ccnlimeUT  ui  Ihf  scrum 
forty-eight  hours  aft«r  the  inffclinn.  Tpn  (itiiers  were  given  gubcutJiiicousIy,  ai 
the  same  time  as  the  others,  1  cubic  centimctor  of  this  pest  iintiiunu  srruni,  which 
however  had  been  treated  previouKly  with  the  virulent  pest  strain  as  described  on 
page  20i. 


Immune 

, 

Animal 

Inlccled 

November  6. 

Buwouslj 
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Series  53. — Continued.. 


Animal 
No. 


2783 


2784 
2785 
2786 
2787 
2788 
2789 
2790 
2791 

2792 

2793 
2794 

2795 

2796 
2797 


Infected 
November  6. 


Immune 

serum,  1 

CO.  subcu- 

taneously 

on- 


Stuck  with 
5  cc.  syr- 
i  n  K  c 
needle. 

do 

do 

do 

.--..do 

do 

do 

do 

do 


-do 

.do 
.do 

.do 

.do 
-do 


Nov.    6 


Nov.  7 

Nov.  8 

Nov.  6 

Nov.  7 

Nov.  8 

Nov.  6 

Nov.  7 

Nov.  8 

Nov.  6 

Nov.  7 


Nov.    6 

Nov.    7 
Nov.    8 
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and 
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—.do 

__.-do 
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_...do 

—  .do 

—  .do 

.._.do 

Dead  Nov.  9, 

after  3  days. 
Alive  and 

well. 

....do 

Dead  Nov.  8. 

after  2  days. 
Alive  and 

well. 

....do 

Dead  Nov.  8. 

after  i  hour 

(serum). 


Very  numerous  pest  bacilli   in  smears  from 
spleen. 


Innumerable  pest  bacilli  in  smears  from  spleen. 


Marke<1  symptoms  of  carbolic  poisoning  after 
inoculation  of  serum.  Animal  died  few  mi- 
nutes after  injection.  Numerous  pest  bacilli 
in  smears  from  spleen. 


CONTROLS. 
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Dead  Nov.  10.     Numerous  pest  bacilli  in  smears  from  spleen. 

after  4  days.  I 

do_— 1         Do. 

do Do. 


.do 
.do 
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Series  53 — Continued. 


Animal 
No. 

Infected 
November  6. 

Immune 
serum 
after 
binding 
of  ambo- 
ceptors. 

Result. 

Autopsy  and  remarks. 

2810 

2811 

2812 
2813 
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2817 
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2819 

Stuck  with 
5  cc.  syr- 
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dle. 

do 

do 
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1  cc. 

_-„do_-_ 
. do  — 

Dead  Nov.  10, 
after  9  days. 

Dead  Nov.  11, 
after  5  days. 
..do 

Pest  bacilli  in  smears  from  spleen. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

do 

do 

do 

do 

do 

do 

do 

_-..do  — 

do-_ 

_-._do  — 
_„.do-.. 
do... 

Alive   and 

well. 
Dead  Nov.  13. 

after  7  days. 
Dead  Nov.  10, 

after4day.s. 
Alive   and 

well. 
do    

____do... 
..„do.._ 

Dead  Nov.  11. 

after  5  days. 
Dead  Nov.  13. 

after  7  days. 

Sebies  57. — Experiments  with  rata, 

February  23,  one  48-hour  culture  of  *'Pest  Virulent"  from  guinea  pig  numbered 
3079,  second  transplant,  was  suspended  in  5  cubic  centimeters  bouillon.  A  5  cubic 
centimeter  syringe  needle  was  dipped  in  this  suspension  and  each  rat  inoculated 
by  thrusting  the  needle  beneatli  the  skin  near  the  root  of  the  tail.  Five  of  the 
rats  were  giving  subcutaneously  varying  amounts  of  serum  from  a  monkey 
(numbered  1357  *)  highly  immunized  against  plague  by  repeated  inoculations  in 
increasing  doses  of  the  strain  "Pest  Virulent."  The  other  rats  which  served  as 
controls  were  given  no  serum. 


Animal 
No. 


3087 

3088 
3089 

3090 

3091 

3095 
30% 
3097 


Serum  intraperi- 
toneal! y. 


3   cc.  serum    from 
monkey  No.  13o7.* 
do 


How  infected. 


Stuck  with  5  cc. 

syringe  needle. 

do - 


2  cc.  of  serum  from  i do 

monkey  No.  1357. 
do_ do 


1    cc.  serum   from 
monkey  No.  1357. 


do 


.do 
.do 
.do 


Result. 


Alived  and  well 


Dead  after  14  days.. 


Alive  and  well 


Dead  after  6  days— 
Dead  after  4  days... 

do— 

Dead  after  3  day8___ 
Dead  after  4  days— 


Autopsy  and  remarks. 


Few  pest  bacilli  In  point 
of  inoculation. 


Few  pest  bacilli  in  smean 

from  spleen. 
Numerous  pest  bacilli  in 
smears  from  spleen. 
Do. 
Do. 
Do. 


♦Monkey  number  1357  wa.s  inoculated  as  follows:  November  2  infected  by  sticking  with  a  5  cubic 
centimeter  syringe  needle  dipped  In  a  suspension  of  the  strain  "Pest  Virulent".  December  2, 
one-fifth  agar  slant  culture  of  Pest  "Virulent"  subcutaneously.  December  14,  three-fifths  of  an  agar 
slant,  same  strain,  .subcutaneously.  January  10,  one  agar  slant  "Pest  Virulent,"  subcutaneously. 
February  1.  one  and  one-half  agar  slant  ('ultures,  "Pest  Virulent"  subcutaneously.  Bled  February 
22.    Twenty  cubic  centimeters;  serum  tested  as  above. 


XII.  CURATIVE  VALUE  OF  PLAGUE  SERUM. 

The  opinions  of  cliiferent  observers  are  widely  divergent  in  regard  to 
the  action  of  pest  immune  serum  upon  the  clinical  course  of  the  disease 
in  human  beings.  Amost  all  authors  agree  that  in  advanced  cases  of 
infection  the  serum  is  of  no  value.  It  is  not  my  purpose  here  to  enter 
into  a  complete  discussion  of  this  subject.  The  (juestion  lias  recently  been 
reviewed  during  the  present  year  (1906)  by  Dujardin-Beaumetz,®^  by 
Choksy/^  and  by  Terni."'  In  1905  Bannerman  ^'^  reviewed  the  question 
of  serum  therapy  in  plague  in  India  and  the  earlier  work  has  been  carefully 
summarized  and  considered  by  Dieudonne."^  From  a  study  of  the  cases 
treated  and  reported  in  these  articles,  together  w^ith  the  results  obtained 
from  experimentation  with  animals  in  the  laboratory,  there  would  appear 
to  be  little  doubt  of  the  value  of  the  serum  treatment  of  plague,  provided 
that  the  serum  is  given  early  enough  in  the  course  of  the  disease.  Up 
to  the  present  time  we  have  not  been  able  to  obtain  a  serum  which 
shows  any  demonstrable  antitoxic  value  by  any  known  method  of  pre- 
paration, since  indeed  we  have  be«n  unable  to  obtain  a  soluble  pest  toxin. 
The  work  of  Markl  upon  this  subject  has  already  been  considered  on 
page  184  of  this  article. 

Besredka's®*  studies  upon  the  endotoxins  of  t}^hoid  and  pest  bacilli 
may  be  mentioned  in  connection  with  the  question,  but  they  have  not 
been  elaborated  further.  Terni  "^  thought  that  he  was  able  to  prepare 
an  anti-serum  which  was  especially  active  against  the  specific  pest  toxin, 
by  the  inoculation  of  the  animal  furnishing  the  serum  with  peritoneal 
exudates  from  guinea  ])igs  dead  of  {>est  and  with  the  serum  from  pest 
buboes,  etc.  (natural  plague  aggressin).  Such  a  serum  he  regarded  as 
being  better  than  those  sera  obtained  by  the  otlier  known  methods. 
However,  I  have  shown  (see  p.  236)  that  the  immunity  obtained  by  the 
injection  of  natural  j)lague  aggressin  is  not  of  a  different  nature  from  that 
secured  by  the  inoculation  of  living  pest  cultures  and  that,  while  inocula- 
tions of  natural  plague  aggressin  produce  an  immunity  greater  than  that 
which  can  be  obtained   from  those  of  artificial   j)lague  aggressin,   the 

'^BuH.  d.  Vinst.  Pasteur.  (1906),  4,  473. 

••Report  on  the  Treatment  of  Plague,  Bombay  (190C). 

*^  Ztschr.  f.  Ilyg.  u.  Infectimi^krankh,  Leipz.   (1900),  54,  386. 

*^8cieni.  Mem.  Med.  Off.  India   (1905),  20. 

**Handb.  d.  path.  Mik.  (Kolle  &  Wassermann)  (1904),  4,  949. 

•*Ami.  d.  Vinst.  Pasteur  (1905),  19,  477. 

•*  Loc.  cit. 
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inoculation  of  living  cultures  of  pest  bacilli  gives  rise  to  a  higher 
immunity  than  either  of  the  first  two  methods  mentioned. 

As  I  have  already  explained  in  discussing  the  subject  of  the  mechanism 
of  the  action  of  plague  immune  serum,  the  serum  exerts  its  immunizing 
effect  primarily  by  binding  through  its  amboceptors  the  receptors  of  the 
plague  bacilli  and  after  this  change  has  taken  place,  phagocjrtosis  of  the 
microorganisms  occurs.  The  success  of  the  serum  treatment  in  plague 
would  appear  to  depend  particularly  upon  the  number  of  plague  baciUi 
in  the  animal  organism  at  the  time  of  the  inoculation  of  the  serum; 
that  is,  upon  the  length  of  time  the  serum  is  injected  after  the  infection 
has  occurred.  If  the  organism  is  already  overwhelmed  with  bacteria  at 
the  time  of  the  introduction  of  the  serum,  almost  no  favorable  change 
will  be  noted  in  the  course  of  the  disease,  because  the  serum  is  merely 
anti-infectious  and  is  not  anti-toxic.  A  study  of  the  experiments  recorded 
in  Series  45  and  53  (pp.  284  and  286)  confirms  these  views.  In  Series 
45  we  see  that  in  ten  rats  inoculated  with  immune  serum  at  the  time  of 
their  infection  with  pest  bacilli,  60  per  cent  survived  and  40  per  cent  suc- 
cumbed to  the  infection,  while  of  ten  rats  which  were  inoculated  with  the 
senmi  twenty-four  hours  after  the  pest  infection  only  40  per  cent  survived 
and  60  per  cent  died.  The  experiments  recorded  in  Series  53  are  parti- 
cularly important  in  this  connection.  Here  the  animals  were  inoculated 
with  the  serum  in  three  series :  One  at  the  time  of  the  infection,  a  second 
twenty-four  hours  following  the  infection,  and  the  third  forty-eight 
hours  after  the  infection.  The  mortality  in  the  first  series  was  10  per 
cent,  in  the  second  40  per  cent,  and  in  the  third  66.6  per  cent. 

It  is  true  that  there  is  nothing  new  in  the  idea  that  rodents  may  be 
protected  against  a  fatal  outcome  of  the  pest  infection  by  the  injection 
of  plague  immune  serum  which  has  been  introduced  at  varying  periods 
of  time  after  that  of  the  infection.  In  fact,  as  long  ago  as  1895,  Yersin, 
Calmette  and  BorreP*^  called  attention  to  the  fact  that  mice  which  had  been 
infected  with  pest  could  be  saved  from  death  if  an  inoculation  of  1.5  cubic 
centimeters  of  pest  immune  serum  were  to  be  given  them  as  late  as  twelve 
hours  after  the  time  of  the  pest  infection.  Moreover,  this  method  is  still 
used  in  the  Pasteur  Institute  and  elsewhere  (usually  with  rats),  for  the 
purpose  of  testing  the  curative  value  of  the  manufactured  pest  immune 
serum. 

The  German  Plague  Commission  also  found  it  possible  to  save  monkeys 
which  had  previously  been  infected  with  pest  by  the  inoculation  of  pest 
immune  serum  injected  as  late  as  from  twelve  to  twenty-four  hours  after 
the  time  of  the  infection,  and  many  other  observers  have  recorded  numerous 
similar  successful  experiments  in  which  rats  were  employed.  I  therefore 
have  not  called  attention  to  my  experiments  recorded  in  Series  51  with  the 
sole  object  of  again  illustrating  this  action  of  plague  immune  serum; 
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however,  this  series  of  experiments  serves  to  illustrate  particularly  well 
the  relations  between  the  duration  of  the  infection  and  results  of  the  serum 
treatment. 

For  example,  in  the  case  of  rat  number  2797  which  succumbed  from 
carbolic  acid  poisoning  one-half  hour  after  the  injection  of  the  immune 
serum,  an  autopsy  performed  immediately  after  death  showed  that  nu- 
merous pest  bacilli  already  had  invaded  the  spleen.  This  animal  had  been 
infected  with  pest  on  November  6  and  the  serum  was  inoculated  two  days 
later,  November  8.  Rats  numbered  2794  and  2798,  which  were  also 
infected  on  September  6,  died  on  September  8  of  pest  infection  before 
receiving  serum.  At  autopsy  the  infection  likewise  was  found  to  be 
well  advanced  in  both  animals  and  innumerable  bacilli  were  present  in 
each  instance  in  the  spleen. 

It  therefore  seems  fair  to  presume  that,  in  a  good  proportion  of  the 
other  rats  inoculated  on  November  6  with  the  same  sized  dose,  the  infec- 
tion had  also  already  advanced  to  a  somewhat  similar  stage,  and  therefore 
probably  in  many  of  these  animals  the  pest  bacilli  had  also  already  invaded 
the  spleen.  Nevertheless,  33.3  per  cent  of  those  animals  which  received 
the  serum  forty-eight  hours  after  the  time  of  infection  survived.  There- 
fore, these  experiments  demonstrate  not  only  that  animals  may  be  saved 
by  the  injection  of  immune  serum  at  a  period  subsequent  to  the  incurrence 
of  the  pest  infection,  but  that  animals  in  which  the  disease  is  fairly 
well  advanced  may  also  be  saved  by  the  serum,  the  percentage  of  deaths 
varying  directly  with  the  length  of  the  interval  between  pest  infection 
and  serum  inoculation. 

Choksy,  who  has  a  wide  experience  with  the  serum  treatment  of 
plague,  states : 

Much  depends  upon  the  early  and  free  use  of  the  serum.  In  patients  injected 
on  the  first  day  or  within  a  few  hours  of  the  onset  of  the  symptoms,  one  injec- 
tion of  100  cubic  centimeters  followed  by  another  after  6  to  8  hours  and  then 
if  necessary  by  a  third  after  a  similar  interval,  would  cut  short  the  attack  if 
the  case  be  not  pneumonic,  malignant  or  septicemic. 

He  also  emphasizes  the  fact  that  the  earlier  the  serum  is  used,  the 
more  efficacious  will  it  be  and  that  if  good  results  are  to  be  obtained 
from  serum  therapy  the  patient  must  be  treated  on  the  first  day  of  tlie 
illness.  He  admits  that  the  serum  can  not  favorably  influence  all  types 
of  plague,  or  even  the  malignant  forms  of  the  bubonic  type,  but  he  shows 
that  it  is  the  only  treatment  capable  of  saving  a  large  proportion  in  a 
certain  class  of  patients.  Therefore,  it  seems  that  in  man  there  is  a 
narrow  limit  beyond  which  the  antiplague  serum  will  not  act,  but  that 
within  this  limit  its  use  in  man,  as  in  animals,  is  efficacious. 

Roux,  Yersin,  and  Dujardin-Beaumetz  all  emphasize  that  in  the  serum 
treatment  of  plague,  as  in  that  of  cholera,  the  injection  of  the  serum 
must  be  given  intravenously,  on  the  ground  that  the  absorption  from 
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the  cellular  tissue  is  very  slow  and  that  by  the  intravenous  inoculation  the 
organism  may  be  saturated  with  the  antitoxin  immediately  and  by  a 
smaller  dose  than  it  could  be  if  used  subcutaneously.  Dujardin-Beau- 
metz  ®^  further  remarks  that  in  cases  where  the  pest  bacilli  appear  early  in 
the  general  circulation,  there  are  additional  advantages  for  the  intravenous 
inoculation  of  serum.  In  my  opinion  in  cases  where  plague  bacilli  are 
already  circulating  in  the  blood  there  is  little  hope  of  a  successful  result 
with  the  serum,  either  in  man  or  animals.  The  treatment  of  cholera  with 
intravenous  inoculations  of  the  "antitoxic  cholera  serum"  of  Brau  and 
Denier  so  far  has  not  been  very  successful,  apparently  because  the  serum 
does  not  evidence  sufficient  antitoxic  action.  In  plague  immune  serum 
also,  no  matter  by  what  method  it  is  prepared,  as  has  been  demonstrated, 
we  are  not  able  to  obtain  any  antitoxic  action  of  value  and  so,  for  the  same 
reason,  we  perhaps  may  not  be  justified  in  the  hope  of  obtaining  in  plague 
any  different  results  from  the  intravenous  than  from  the  subcutaneous  inoc- 
ulation of  the  serum,  other  than  those  which,  as  the  French  authors  have 
suggested,  would  result  from  its  more  rapid  absorption.  By  the  intra- 
peritoneal inoculation,  as  suggested  by  Dujardin-Beaumetz  and  others, 
a  rapid  absorption  of  the  seriim  may  also  be  secured.  The  cases  of  plague 
in  which  serum  therapy  will  accomplish  the  best  results  are  those  where 
the  infection  is  still  confined  to  certain  of  the  lymph  channels.  There 
is  no  doubt  of  the  great  prophylactic  value  of  plague  immune  serum  but, 
as  was  mentioned  in  Chapter  IV,  the  passive  immunity  conferred  by 
it  disappears  after  a  few  days. 
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XIII.  VIRULENCE  OF  THE  PLAGUE  BACILLUS. 

INCREASE  OF  VIRULENCE  OF  THE  ORGANISM. 

The  behavior  of  the  pest  bacillus  in  relation  to  its  virulence  is  very 
interesting  and  in  many  respects  quite  unusual,  when  it  is  compared 
with  that  of  the  majority  of  the  microorganisms  giving  rise  to  our  other 
common  infectious  diseases.  The  question  obviously  is  also  a  very  im- 
portant one  from  an  epidemiological  standpoint  and  therefore  will  be 
discussed  somewhat  at  length. 

In  1895,  Yersin,  Calmette  and  Borrel  "**  maintained  that  in  a  series  of  passages 
of  the  pest  bacillus  through  a  given  species  of  animal,  an  increase  of  virulence 
(**a  fixed  virulence")  was  obtained  for  this  species  of  animal  only,  and  that  by 
continued  passages  through  a  series  of  animals  of  one  species,  its  virulence  for 
other  species  became  reduced.  Dujardin-Beaumetz,"*  during  the  present  year 
also  speaks  of  a  hyper-virulence  of  the  pest  bacillus  obtained  by  passage  through 
guinea  pigs  and  rat«.  Hankin  *•*  found  that  the  virulence  of  plague  bacilli 
became  reduced  by  passage  through  rats  and  that  he  was  not  able  to  kill  more 
than  three  or  four  rats  in  a  series,  even  though  the  culture  in  the  beginning  was 
fully  virulent.  On  the  other  hand,  he  found  that  the  virulence  of  the  organism 
could  be  increased  by  passage  from  mouse  to  mouse. 

Walton,  *"  also  observed  that  a  virulent  strain  of  pest  became  attenuated  by 
successive  passages  from  rat  to  rat.  He  used  a  suspension  of  a  portion  of  the 
spleen  of  the  dead  animal  for  infecting  the  second  one,  and  so  on.  He  also  was 
not  able  to  infect  more  than  three  rats  in  a  series  by  this  method.  Otto,*°*  from 
numerous  carefully  performed  experiments,  concluded  first  that  in  the  passage 
of  pest  bacilli  from  guinea  pig  to  guinea  pig  without  growth  on  artificial  media, 
there  resulted  no  dimunition  in  virulence  of  the  organism  either  for  the  guinea' 
pig  or  for  the  rabbit,  rat  or  mouse,  and  second,  that  it  did  not  appear  to  be  pos- 
sible by  passing  the  organism  successively  through  guineii  pigs  to  obtain  a 
substantial  increase  in  the  virulence  of  a  culture  of  sufficient  pathogenesis  at 
the  time  of  the  beginning  of  the  exi)eriment,  to  cause  the  death  of  a  guinea  pig. 

The  Plague  Commission  in  India  \mder  the  direction  of  Martin  and  Lamb'*" 
have  also  very  recently  reported  upon  the  etfect  upon  its  virulence  of  the  passage 
of  Bacillus  pestis  through  series  of  rats,  when  the  organism  was  given  by  sub- 
cutaneous inoculation  without  internunliate  culture.  Each  rat  in  the  series  was 
infected  with  a  suspension  of  the  spleen  of  the  animal  which  had  died  previously. 

"Atm.  de  VInst.  Pasteur  (1895),  9,  589. 
^Bull.  de  VInst.  Pasteur  (1906),  4,  473. 
"•Rept.  of  the  Indian  Plague  Commission   (1899),  2,  22. 
»"Rept.  of  Indian  Plague  Commission   (1900),  3,  337. 

»"»Zei*.  /.  Hyg.  u.  Infectiwiskrankh.  l^ipz.   (1902),  41,  380;   (1904),  48,  430. 
"^Jour,  de  Hyg,  (1906),  6,  496,  502. 
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It  was  found  possible  to  carry  on  the  series  in  this  way  as  far  as  the  twenty-sixth 
passage,  when  apparently  the  experiments  were  discontinued.  ITie  rats  were  all 
wild,  Bombay  rats  and  were  not  selected  with  reference  to  species.  No  evidence 
was  obtained  by  these  experiments  that  the  virulence  of  the  bacillus  ^used  for  the 
passages  underwent  any  alteration  nor  was  any  g^ven  by  those  in  which  cutaneous 
inoculation  of  a  series  of  rats  was  attempted.  Notwithstanding  the  failure  of 
Otto  and  of  the  Indian  Plague  Commission  perceptibly  to  increase  the  virulence 
of  pest  bacilli  by  repeated  inoculation  from  guinea  pig  to  guinea  pig  or  from 
rat  to  rat,  Dieudonn^'®*  states  that  pest  cultures  which  have  become  weakly 
virulent  may  again  be  rendered  more  infectious  by  repeated  passages  through 
such  animals  as  guinea  pigs  and  rats.  He  also  recommends  the  passage  from 
the  pneumonic  lung  of  the  infected  animal  to  the  healthy  lung  of  the  second 
animal,  such  as  the  rat  or  ape,  and  so  on  through  a  series  as  a  means  of  increas- 
ing the  virulence  of  this  organism. 

Balzaroff  '**  also  found  that  the  virulence  of  a  pest  strain  could  be  increased 
if  it  was  passed  successively  for  several  generations  from  the  pneumonic  lung 
of  an  animal,  by  nasal  infection,  to  the  healthy  lung  of  another  one. 

An  organism  which  had  nol  the  power  of  killing  animals  by  hypodermic  inocu- 
lation was  said  to  be  restored  to  virulence  by  inoculating  a  guinea  pig  with  it 
in  the  nostril  and  upon  the  death  of  this  animal,  inoculating  by  the  same  portal 
of  entry  a  second  one  with  a  portion  of  the  spleen  of  the  first.  After  the  third 
or  fourth  passage  the  organism  was  said  again  to  have  become  virulent. 

Marsh  '^  claimed  that  if  the  organism  was  cultivated  at  certain  temperatures 
in  mixtures  of  carbonic  acid  gas  and  ordinary  air,  the  bacillus  increased  in 
virulence  and  retained  its  vitality  for  a  long  time. 

Albrecht  and  Gohn,^'^  and  Kolle  and  Martini  *^  also  found  that  by  means  of 
repeated  animal  passages,  without  growth  on  artificial  media,  a  strain  of  the  peist 
bacillus  was  rendered  more  virulent  for  the  species  of  animal  employed  in  the 
experiment,  and  also  for  other  species  which  were  markedly  susceptible  to  pest. 
On  the  contrary,  the  transmission  of  the  pest  virus  from  rabbit  to  rabbit  ap- 
parently resulted  in  a  reduction  of  the  virulence  of  the  organism. 

Kollc  and  Hetaeh  ^^  also  state  that  some  strains  of  pest  bacilli  can  be 
rendered  more  virulent  by  animal  passage. 

My  experiments,  wliich  had  the  object  of  increasing  the  virulence  of 
the  pest  bacillus,  have  been  carried  on  in  guinea  pigs  and  monkeys  and 
both  virulent  and  avirulent  strains  of  the  organism  have  been  used. 
However,  no  perceptible  increase  in  virulence  has  been  obtained  for  either 
rats,  guinea  pigs  or  monkeys.     The  strain  "Pest  Virulent,^'  as  has  already 

'"^Uandb.  d.  path.  Mik.  (Kolle  and  VVassermann)   (1903),  2,  516. 
'"^Ann.  d.  Vinst.  Pasteur  (1899),  13,  385. 

'•^^Kep.  of  Indian   Plague  Commission    (1898-99),   3,   73;   also    (1898-99),  5, 
App.  Ill,  480. 
'"^  Loc.  eit. 
'"^Deutsche  ined.  Wchnschr.  (1902),  28,  1. 

Die  Exper.  15akt.  u.  die  liifektionskrankh.,  Berl.  and  VVien  (1906),  214. 
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been  stated,  has  been  passed  successively  for  over  247  passages  from 
guinea  pig  to  guinea  pig  without  growth  on  artificial  media.  (See  table 
of  Series  58,  p.  296.)  These  passages  have  occupied  more  than  a  year 
and  a  half.     The  method  of  infection  was  carried  on  as  follows : 

The  first  guinea  pig  of  the  series  was  inoculated  subcutaneously  with  one  oese 
of  the  strain  "Pest  Virulent"  isolated  from  a  human  case  of  plague.  Upon  the 
death  of  the  animal  two  days  later,  its  spleen  was  removed  and  a  portion  of  it 
rubbed  over  a  shaved  area  on  the  abdomen  of  a  healthy  guinea  pig  (the  next 
animal  of  the  series).  The  skin  was  sometimes  slightly  scarified  with  a  knife. 
This  method  was  employed  on  the  third  animal,  when  the  second  succumbed,  and 
so  on  without  a  break  throughout  the  series.  In  a  few  instances  the  autopsy 
upon  the  animal  and  the  removal  of  the  spleen  did  not  take  place  until  nearly 
forty-eight  hours  after  the  death  of  the  animal.  In  a  few  others,  the  spleen  was 
removed  shortly  after  the  death  of  the  guinea  pig  and  placed  on  ice  and  employed 
for  the  next  inoculation  twenty- four  hours  later.  These  instances  are  all  noted  in 
the  table.     They  caused  no  change  in  the  results  of  the  inoculations. 

The  accompanying  table  (58)  shows  that  the  virulence  of  the  organism 
during  this  whole  time  has  not  varied.  Moreover,  its  virulence  not  only 
for  guinea  pigs,  but  for  rats  and  monkeys  as  well,  has  remained  the  same 
at  the  end  of  the  series  as  it  was  at  the  beginning ;  this  may  be  seen  from 
the  numerous  control  animals  inoculated  from  time  to  time  with  this 
strain  throughout  the  series  of  animal  experiments  detailed  on  pages  187 
to  288.  A  glance  at  Table  58  shows  that  moderate  differences  in  sus- 
ceptibility exist  in  the  different  guinea  pigs,  the  most  susceptible  dying 
in  from  two  to  four  days  after  inoculation  and  the  more  resistant  usually 
in  from  seven  to  eight  days.  The  animals  were  not  always  of  the  same 
age  and  weight  and  for  this  reason  some  slight  variation  in  susceptibility 
also  probably  occurred. 

Only  one  animal  survived  for  twelve  days  and  but  one  other  for 
eleven  days  after  the  infection.  These  animals  represent  the  thirty-sixth 
and  one  hundred  and  twentieth  passages  respectively.  The  fact  that  in 
the  thirty-fifth  and  thirty-seventh  passages,  the  animals  died  six  and  four 
days  respectively  after  infection,  and  in  the  one  hundred  and  nineteenth 
and  one  hundred  and  twenty-first  passages,  four  and  three  days  respec- 
tively after  inoculation,  demonstrates  that  not  even  a  temporary  change  in 
virulence  in  the  organisms  had  occurred  at  these  periods.  The  length  of 
time  the  animals  lived  during  the  thirty-sixth  and  one  hundred  and 
twentieth  passages  therefore  was  probably  due  to  their  natural  and  slightly 
increased  relative  resistance  to  pest  infection.  Animal  number  198  died 
twenty-four  hours  after  its  inoculation.  The  animal  was  doubtless  sick 
at  the  time  of  the  infection. 
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As  mentioned  above,  Otto  j^howed  that  it  was  not  possible  to  increase 
the  pathogenicity  of  strains  of  pest  bacilli  of  moderate  virulence  by 
repeated  passages  through  animals.  The  strains  with  which  he  per- 
formed his  experiments  were  all  capable  of  killing  guinea  pigs  in 
moderate  doses  at  the  time  of  the  commencement  of  the  work. 

I  have  attempted  to  increase  the  virulence  of  a  more  attenuated  cul- 
ture of  the  pest  bacillus  (one  which  in  large  doses  was  not  capable  of 
killing  guinea  pigs)  by  experiments  performed  on  monkeys.  The  strain 
"Avirulent  Manila"  was  emj)loyed  for  the  inoculations.  This  organism 
was  chosen  because  it  had  at  an  earlier  time  i)08sessed  a  much  greater 
virulence  and  because  its  pathogenicity  had  been  reduced  artificially. 
(See  p.  310.)  It  was  therefore  interesting  to  see  if  the  virulence  could 
be  reclaimed. 

Experiments  of  this  nature  were  first  undertaken  with  the  idea  of 
ascertaining  how  long  the  attenuated  organisms  would  remain  alive  in 
the  tissues  after  subcutaneous  inoculation.  The  technique  of  the  experi- 
ments was  as  follows : 

The  abdomen'  of  a  monkey  was  first  shaved  and  a  suspension  of  the  organism 
inoculated  subcutaneously.  The  skin  was  then  carefully  massaged  until  the 
fluid  was  apparently  completely  absorbed.  After  varying  periods  of  time,  the  skin 
of  the  alxlomen  was  scrubbed  several  times  with  ether  and  alcohol  and  a  small 
incision  made  with  a  sterile  knife  through  the  dermis.  Cultures  were  then  taken 
from  the  drops  of  blood  or  from  the  pus  which  escaped  from  the  incised  wound. 

Usually,  when  the  injection  was  made  beneath  the  skin  of  the  ab- 
domen, a  few  hours  later  about  the  point  of  inoculation  an  cedematous 
swelling  appeared  which  did  not  entirely  disappear  for  forty-eight 
fimirs.  In  an  earlier  series  of  experiments  made  with  a  slightly  more 
attenuated  pest  culture,  it  was  found  that  the  organisms  were  still  very 
numerous  in  the  tissues  six  to  eight  hours  after  the  inoculation,  after 
which  time  they  gradually  disappeared  so  that  cultures  made  twenty-four 
hours  subsequent  to  the  injection  generally,  though  not  always,  remained 
sterile.  It  seemed  probable  that  the  more  resistant  organisms  were  those 
^hich  remained  alive  in  the  tissues  for  the  longest  time  and  that  there 
was  a  true  "survival  of  the  fittest."  An  attempt  was  therefore  made 
to  ascertain  if  it  would  be  possible  to  increase  the  pathogenicity  of  a 
slightly  more  virulent  culture  by  this  same  procedure.  As  soon  as  the 
cultures  made  on  agar  from  the  incision  in  the  animal  developed,  they 
were  inoculated  subcutaneously  into  a  second  monkey  and  so  on  through- 
Dut  the  series.  The  strain  used  for  this  series  of  experiments  ("Avirulent 
Manila")  was  so  attenuated  at  the  time  of  their  commencement  that 
[>ne  24-hour  agar  slant  culture*  usually,  but  not  invariably,  caused  death 
from  subacute  plague  infection  in  a  guinea  pig  of  about  250  grams 
weight.  This  cultun^  was  pass(Ml  through  twenty-five  monkeys  according 
to  the  method  above  described.     At  the  end  of  this  time  its  virulence 
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was  found  to  \ye  practically  unchanged.  The  details  of  all  the  passages 
are  given  in  Series  28  which  follows.  The  monkeys  employed  were 
all  of  small  size.  The  cultures  were  made  from  the  animal^  from 
one  and  one-half  to  twenty-four  hours  after  the  time  of  the  inoculation. 
In  a  few  instances  in  which  the  quantity  of  inoculated  bacteria  was  large, 
I)us  formation  about  the  point  of  injection  was  found  to  have  occurred 
on  incising  the  skin  from  twenty-one  to  twenty- four  hours  after  the 
time  of  the  infection  of  the  animal.  However,  the  organisms  in  the 
pus  did  not  prove  infectious  when  inoculated  into  guinea  pigs  in  a  c<m- 
siderable  amount. 

Therefore,  my  attempts  to  increase  the  vindence  of  a  very  virulent 
pest  strain  or  to  reclaim  that  of  a  more  attenuated  one  have  been  entirely 
unsuccessful,  the  organisms  in  each  instance  having  retained  a  very 
stable  virulence  throughout. 
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ARTIFICIAL   ATTENUATION   OF  THE   PLAGUE   BACILLUS. 

In  spite  of  the  facts  which  have  been  brought  out  in  the  previous  dis- 
cussion, nevertheless  it  is  true  that  the  virulence  of  different  pest  strains 
as  they  occur  in  nature  varies  greatly,  the  numerous  cultures  isolated  from 
different  epidemics  and  different  cases  of  human  plague  frequently  exhibit- 
ing marked  variation  in  pathogenicity  in  animal  experiments.  It  is  also 
true  that  there  are  a  number  of  references  in  the  literature  which  point  to 
the  fact  that  certain  strains  of  pest  bacilli,  after  growing  for  a  few  genera- 
tions on  artificial  culture  media,  unaccountably  lose  their  virulence.  It 
therefore  is  not  my  purpose  to  argue  that  under  certain  conditions  the  viru- 
lence of  the  pest  bacillus  may  not  vary  from  time  to  time  and  that  it  may 
not  frequently,  under  some  conditions  in  nature,  become  attenuated  and 
under  others,  such  as  its  passage  from  animal  to  animal,  even  be  increased. 
However,  any  such  change  as  the  latter  is  very  unusual  and  it  does 
not  occur  under  ordinary  circumstances.  The  important  point  which  I 
wish  to  emphasize  in  the  behavior  of  this  organism  in  its  passage  from 
animal  to  animal  is  its  stability  of  virulence,  and  this  quality  is  also 
possessed  to  a  remarkable  degree  by  the  organism  on  artificial  culture 
media. 

Virulent  strains  of  the  pest  bacillus  w^hen  grown  upon  artificial  media 
usually  suffer  no  change  in  their  pathogenicity  even  after  long  periods  of 
time  and  after  numerous  generations.  Cultures  sealed  in  test  tubes  and 
protected  from  light  and  heat  have  been  found  to  retain  their  full 
virulence  for  several  years.  Thus  Maassen  found  no  change  of  virulence 
in  cultures  after  two  vears  and  N.  K.  Schultze  ^^^  observed  that  cultures 
in  bouillon  were  fully  virulent  even  after  four  years.  Attempts  to 
attenuate  the  virulent  organism  in  cultures  have  also  demonstrated  its 
stability  in  pathogenicity  and  have  usually  resulted  unsuccessfully. 

Albrecht  and  Gohn  "'  reported  that  the  pest  bacillus  could  resist  a  continued 
temperature  of  36°  V.  for  only  about  fourteen  days  without  loss  of  virulence, 
and  that  after  this  period  a  rapid  diminution  occurred.  However,  these  results 
have  not  been  confirmed  by  any  other  observers.  The  German  Plague  Com- 
mission "*  suspended  agar  cultures  of  the  organism  in  bouillon  and  exposed  them 
to  a  temperature  of  ry\°  V.  for  varying  j)eriods  of  time.  They  found  that  while 
many  of  the  organisms  were  killed  by  this  treatment,  those  which  remained 
alive  had  retained  their  full  virulence.  Tiiey  also  attempted  to  secure  attenua- 
tion of  the  organism  l)y  exjiosing  it  to  carl)olic  acid,  l)ut  these  experiments  were 
also  unsuccessful. 

Kolle  and  Otto"^  found  tiuit  by  growing  tlie  organism  at  a  continuous  tem- 
perature   of   40°    to   41°    (\    a    further    attenuaticm    was    sometimes    ])ossible    in 

"Wnitrhl  f.  Bakivnol  (IIMH),  29,  Abt.  I,  100. 

»"  hoc.  oii. 

"»/>of'.  oit. 

''^  Ih'utschc  mvd.  ^Vrhufivhr.   (lOO.'n,  29,  403. 
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cultures  which  already  were  of  a  low  grade  of  virulence."*  Heisch  ha«  ex- 
perimented extensively  with  the  question  of  the  artificial  attenuation  of  the 
plague  organism.  He  found  that  prolonged  growth  of  the  bacilli  at  temperatures 
ranging  from  40"  to  45°  C  caused  no  attenuation  of  the  surviving  organisms. 
Cultivation  of  the  germ  in  an  insusceptible  animal*  such  as  the  frog  (in  it^ 
dorsal  lymph  sac)  also  caused  no  lowering  of  the  virulence.  After  experiment- 
ing with  a  number  of  chemical  substances,  particularly  with  various  staining 
reagents,  he  found  that  the  most  satisfactory  means  of  attenuation  consisted 
of  cultivating  the  organism  in  flasks  of  bouillon  to  which  increasing  amounts  of 
alcohol   were  gradually  added. 

1  have  been  successful  in  attenuating  two  strains  of  pest  bacilli  by 
employing  the  method  recommended  by  Hetsch.  My  cultures  in  the 
alcoholic  bouillon,  in  addition,  were  frequently  grown  at  a  temperature 
of  from  41°  to  43°  C.  The  strains  used  for  the  experiments  were 
those  designated  as  "Pest  Virulent"  and  "Pest  Avirulent  Manila.^'  The 
organism  was  first  inoculated  into  a  50  cubic  centimeter  flask  containing 
bouillon;  after  forty-eight  hours'  growth  at  30°  C.  the  alcohol  was  added 
and  the  flask  placed  at  a  temperature  of  41°  to  43°  C.  for  a  period  usually 
of  three  weeks.  Cultures  from  the  flask  were  then  inoculated  upon 
agar  for  many  generations,  a  fresh  one  being  made  each  day,  sometimes 
for  one  or  two  weeks,  and  the  organism  usually  cultivated  at  the  same 
high  temperature.  Beginning  with  0.1  cubic  centimeter  of  absolute 
alcohol  and  50  cubic  centimeters  of  bouillon,  the  amount  of  the  former 
was  gradually  increased  in  successive  cultures  up  to  5  cubic  centimeters 
in  50  cubic  centimeters  of  bouillon.  In  some  instances  the  alcohol  in 
the  flask  was  increased  each  week  and  in  others  every  few  days.  The 
organisms  in  the  flask  containing  the  larger  amounts  of  alcohol  fre- 
quently perished  entirely  and  in  other  instances,  when  inoculations  were 
ntade  from  them  upon  agar  only,  a  few  isolated  colonies  developed  in 
the  medium.  If  the  former  took  place,  the  cultures  were  obviously  lost 
and  the  last  stop  of  the  attenuation  had  then  to  be  repeated  with  the 
previous  transplant  of  tlie  more  virulent  organism. 

This  method  of  attenuation  does  not  give  quick  results,  and  as 
Hetsch  admits,  it  is  frequently  not  satisfactory  for  diminishing  the 
virulence  of  tlie  plague  organism.  Moreover,  it  sometimes  appears  to 
be  very  inefficient  in  bringing  about  this  change  when  the  strains  are  of 
very  great  virulence.  However,  it  would  appear  to  be  the  most  successful 
method  which  has  yet  been  discovered.  The  time  during  which  the 
experiments  were  carried  on  in  the  attenuation  of  the  strain  "Pest 
Avirulent  Manila"  was  a  little  over  seven  months,  and  in  the  strain 
"Pest  Virulent"  about  seventeen  months. 

^^^Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  T^ipz.  (1904),  48,  443. 
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At  the  time  of  the  beginning  of  the  attenuation  the  strain  "Pest 
Avirulent  Manila/'  when  inoculated  subeutanwusly,  killed  guinea  pigs 
of  from  200  to  300  grams  weight  in  doses  of  about  2  oesen.  At  the  time 
the  experiments  were  discontinued,  the  lethal  dose  for  guinea  pigs  of 
the  same  weight  was  about  one  agar  slant  culture,  although  the  animal 
sometimes  even  survived  such  a  dose. 

The  organism  during  the  time  of  its  attenuation  was  grown  for  five 
different  periods  in  the  bouillon  containing  the  different  percentages 
of  alcohol.     Series  59  (p.  312)  gives  the  details  of  the  change  in  virulence. 

At  the  time  of  the  beginning  of  the  experiments  in  the  attenuation  of 
the  strain  "Pest  Virulent"  the  organism  possessed  a  virulence  so  great 
that  a  portion  of  a  spleen  of  a  guinea  pig  which  had  died  from  infection 
with  it,  when  it  was  rubbed  over  the  abdomen  of  a  second  guinea  pig, 
always  caused  the  death  of  the  animal  from  acute  plague  infection,  and 
5  oesen  of  a  suspension  (prepared  by  adding  5  cubic  centimeters  of 
saline  solution  to  a  24-hour  agar  slant  culture  of  the  organism)  when 
rubbed  over  a  shaved  and  scarified  area  on  the  abdomen  of  a  guinea  pig, 
also  invariably  caused  it  to  succumb  to  plague.  After  the  virulent  strain 
had  been  grown  for  nearly  three  months  in  the  alcoholic  bouillon,  J  oese 
of  a  24-hour  agar  culture  of  the  organism^  when  injected  subcutaneously 
into  a  guinea  pig,  still  caused  its  death ;  after  the  experiment  had  been 
carried  on  for  eleven  months  the  virulence  of  the  organism  was  found 
to  be  such  that  2  oesen  of  the  48-hour  agar  culture,  when  rubbed  over 
a  shaved  and  scarified  area  on  the  abdomen  of  a  guinea  pig,  or  the  same 
amount  injected  subcutaneously,  no  longer  caused  the  death  of  the  inocu- 
lated animals.  However,  ^  agar  slant  after  two  months  more  of  attenua- 
tion, invariably  caused  fatal  infection.  At  the  tinie  of  the  termination 
of  the  experiments  which  lasted  for  about  seventeen  months,  the  virulence 
was  so  reduced  that  i  agar  slant  culture  of  the  organism,  when  injected 
subcutaneously  into  guinea  pigs,  did  not  cause  the  death  of  more  than 
40  per  cent  of  the  animals  so  inoculated,  the  remaining  (iO  per  cent 
remaining  alive  and  well.  At  the  termination  of  the  experiment  the 
same  original  strain  (unattenuated)  which  had  been  kcj)t  in  a  sealed 
tube  and  protected  from  light  (hiring  the  same  period  of  time,  was  grown 
for  two  successive  trans})lants  upon  fresh  agar  and  its  virulence  again 
tested.  It  was  found  that  0.1  oese  of  this  culture,  when  rul)bed  over  the 
scarified  abdomen  of  a  guinea  ])ig,  still  caused  tlie  death  of  tbe  animal, 
showing  that  no  practical  decrease  in  tbe  virulence  of  the  organism  had  as 
\'et  occurred.  The  <letails  of  the  attenuaticm  of  the  strain  are  recorded 
in  the  series  of  experiments  numbered  (>0. 
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Seribs  59. — Showing  iheaUeauaivon  of  Uie tttraijt  *^PeM  Arirtdenl  ManUoy^  in  guinea  pig*. 


Animal 
No. 

Inoculated. 

Result 

Autopsy. 

1 

1164 

June  28,  two  oescn  strain  "Pest  ATirulent 

Dead    July 

Numerous     peat     bacilli     in 

Manila"  subcutaneously. 

3,  after  5 
days. 

smears  from  spleen. 

1166 

July  10,  twooesen  strain  **Pe8t  Avinilent 

Dead    July 

Do. 

Manila"  subcutaneously. 

16,  after  6 
days. 

1460 

Nov,   14,   one-half  agar  slant  culture 

Alive    and 

"Pest  Avirulent  Manila"  (attenuated 

well. 

5  months)  subcutaneously. 

1578 

Dec.  9,  one  4S-hour  agar  slant  culture 

Dead    Dec. 

Few     involution     forms     of 

"Pest  Avirulent  Manila"  (attenuated  6 

18,  after  9 

plague  bacilli  in  the  heart's 

months)  subcutaneously. 

days 

blood.    Six  colonies  develo- 
ped in  one  culture  and  none 
in  the  second. 

16&5 

Jan.  12,  three-fourths  24-hour  agar  slant 

Alive    Mid 

culture  "Pest  Avinilent  Manila"  (at- 

well. 

tenuated  7  months)  subcutaneously. 

1671 

Jan.  15,  one  48-hour  agar  slant  culture 

Dead    Jan. 

Subacute  pest. 

"Pest  Avirulent  Manila"  (attenuated 

29,     after 

7  months)  subcutaneously. 

14  days. 

1751 

Feb.  11,  one  80-hour  agar  slant  "Pest 

Alive    and 

Avirulent    Manila"     (attenuated     7i 

well. 

months)  subcutaneously. 

Sbribs  60. — Sliow'mg  the  atUmuition  of  the  strain  ^*PeM  T7ni/enf,"  in  guinea  pigs. 


Animal 
No. 


1497 


1763 

2068 

2069 

2070 

2071 

2072 

2194 

2195 
21% 


Inoculated. 


Result. 


Autopsy  and  remarks. 


Nov.  27,  abdomen  shaved  and  rubbed  with 
spleen  of  guinea  pig  No.  1495,  just  dead  of 
plague  from  inoculation  of  the  strain  "Pest 
Virulent." 

Feb.  16,  one-half  oese  "Pest  Virulent"  (at- 
tenuated 3  months)  subcutaneously. 

June  7,  one  oese  "Pest  Virulent"  (attenua- 
ted 6  months)  subcutaneously. 

do — 


-do 

.do 

do 


July  23,  one  oese  "Pest  Virulent"  (attenua- 
ted 8  months)  subcutaneously. 

do 

do 


25*.>2     Oct.  25,  twooesen  "Pest  Virulent"  (attenua- 
ted 11  months)  subcutaneously. 
2593   do 


Dead     Dec.    2, 
after  5  days. 


Dead   Feb.   20. 

after  4  days. 
Dead  June  12, 

after  5  days. 
Dead  June  14, 

after  7  days. 
Dead   June  12, 

after  5  days. 
Dead  June  11, 

after  4  days. 
Dead  June  14, 

after  7  days. 
Alive  and  well.. 

do 

Dead    Aug.    4, 

after  12  days. 

Alive  and  well- 


-do. 


Numerous  pest  bacilli 
in  smears  from 
spleen. 

Peat. 

Do. 

Do. 

Do. 

Do. 

Do. 


Subacute  pest. 
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Skribb  60. — Showing  the  aUenuation  oj  the  strain  **Pe8t  Vindentj'^  etc. — Ck)ntinued. 


Animal 
No. 


8029 

sosn 
3031 

S082 

3088 

3084 
3189 


8140 
3141 
8142 
3143 
3144 
3145 


Inoculated. 


Result. 


Jan.  29,  one  agar  slant  culture  "Pes^  Viru- 
lent" (attenuated  14  months)  subcuta- 
neously. 

do 


Jan.  29,  one-half  agar  slant  culture  "Pest 

Virulent"  (attenuated  14  months)  subcu- 

taneously. 

do __ 

Jan.  29,  one-fourth  agar  slant  culture  "Pest 

Virulent"  (attenuated  14  months)  subcu- 

taneously. 

do 

Apr.  25,  one-half  agar  slant  culture  "Pest 

Virulent"  (attenuated  17  months)  subcu- 

taneously. 
do- _ _ 


.do- 
do-. 
.do-. 
.do., 
.do-. 


8146 do 


8147 

8148 
3149 


.do 


do 

Apr.  25,   one-tenth  oese    "Pest   Vim  lent" 
(original)  rubbed  over  abdomen. 


Dead  Feb.  5, 
after  7  days. 

Dead  Feb.  4, 
after  6  days. 

Dead  Feb.  11, 
after  13  days. 

Dead    Feb.    9. 
after  11  days. 
Alive  and  well- 


do 

Dead    May    6, 
after  11  days. 

Alive  and  well  . 

do 

do 

do 

do — . 

Dead    May     6, 

after  11  days. 
Dead     May    3, 

after  8  days. 
Dead    Apr.   26, 

after  1  day. 
Alive  and  well-. 
Dead   Apr.   80, 

after  5  days. 


Autopsy  and  remarks. 


Large  suppurating 
bubo  in  abdominal 
wall. 

Large  cyst  like  bubo. 

Advanced  pest  pneu- 
monia. 

Subacute  pest. 


Large  bubo.    Subacute 
pest. 


Subacute  pest. 

Do. 
Not  of  pest  infection. 

Acute  pest  infection. 


STABILITY   OF   VIRULENCE   OF   THE  PLAGUE   BACILLUS. 

These  experiments,  relating  to  the  artificial  attenuation  of  the  pest 
bacillus  in  cultures,  as  well  as  those  performed  on  animals  with  the 
view  of  increasing  the  pathogenicity  of  this  organism  all  demonstrate  its 
great  stability  of  virulence. 

In  respect  to  this  phenom(»non,  it  is  interesting  to  compare  the  behavior 
[>f  the  cholera  organism  with  that  of  the  pt*st  bacillus,  both  in  its  growth 
an  artificial  meilia  and  in  successive  passages  through  tbe  animal  body. 
The  cholera  organism  if  left  for  a  few  months  on  culture  media  such 
as  agar,  soon  loses  its  virulence  and  indeed,  fre(piently  dies  out,  largely 
Dwing  to  the  autolytic  digestion  of  the  bacteria  which  takes  place.  If, 
instead  of  allowing  the  spirillum  to  remain  in  the  original  tube  in  which 
it  was  inoculated,  it  is  transplanted  for  a  number  of  times  on  agar,  a  rapid 
loss  of  virulence  is  also  obtained.  On  tbe  other  band,  this  virulence 
can  quickly  again  be  increased  by  succ(»ssive  passages  of  tbe  culture 
through  a  series  of  a  species  of  animal  such  as  the  guinea  pig,  and  in 
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from  fifteen  to  twenty-five  successive  passages  the  maximum  virulence 
of  the  spirillum  can  usually  be  reached  if  the  attenuation  has  not  been 
too  great.  Again,  if  such  a  culture  which  has  attained  its  maximum 
virulence  be  left  upon  artificial  media  for  a  few  weeks,  the  virulence 
becomes  greatly  reduced.  This  process  of  increasing  and  of  decreasing 
the  virulence  of  the  cholera  organism  may  be  repeated  at  will. 

On  the  other  hand,  we  have  seen  with  the  pest  bacillus  that  it  is 
impossible  to  reproduce  these  phenomena.  The  pest  bacillus  does  not 
easily  undergo  autolysis  in  old  agar  cultures  and  it  produces  no  ferments 
which  are  capable  of  causing  its  own  destruction.  Virulent  pest  cultures, 
whether  they  remain  continuously  in  the  original  agar  culture  upon  which 
they  were  first  inoculated  or  are  transplanted  from  culture  to  culture, 
remain  alive  and  frequently  retain  their  full  virulence,  although  many 
instances  of  spontaneous  loss  of  this  property  occur.  Strains  of  the 
organism  of  moderate  virulence,  but  which  still  kill  guinea  pigs,  can  not 
be  rendered  perceptibly  more  virulent  by  repeated  passages  from  animal 
to  animal,  unless  perhaps  it  be  under  certain  special  conditions  and  the 
same  applies  to  avirulent  strains  of  the  organism  which  rarely  kill  the 
animal  except  in  very  large  doses. 

This  evidence  is  particularly  interesting  from  an  epidemiological 
standpoint,  when  we  compare  epidemics  of  cholera  with  those  of  plague. 
With  the  former  disease,  the  epidemic — no  matter  which  type  it  may 
later  assume — probably  begins  either  by  the  introduction  of  the  virulent 
organism  into  a  new  district  by  a  sick  individual  who  has  traveled 
from  a  region  where  the  disease  is  already  epidemic,  or  by  a  few  cases 
of  infection  in  the  neighborhood  of  the  new  district,  which  are  usually 
of  a  mild  character  and  may  entirely  fail  to  attract  attention.  In  case 
the  water  supply  of  the  region  becomes  infected  from  some  of  these  cases, 
the  organism  having  increased  in  virulence  in  its  passage  through  the  more 
susceptible  individuals  with  which  it  has  come  in  contact,  the  epidemic 
may  assume  an  explosive  character  which  is  very  marked  and  thousands 
of  people  may  be  stricken  within  a  day  or  two.  If  the  epidemic  does 
not  extend  through  the  water  supply,  but  by  direct  or  indirect  contact 
with  cases  of  infection,  a  better  opportunity  for  its  study  is  usually 
afforded.  It  may  then  frequently  be  observed,  although  obviously  this  is 
not  always  the  case,  that  as  the  epidemic  extends  the  virulence  of  the 
cases  increases  to  a  maximum  and  then  as  the  number  of  cases  slowly 
subsides,  the  severity  also  usually  becomes  reduced,  so  that  within  a 
short  period  of  time,  at  most  within  a  year  or  two,  the  epidemic  has 
either  reached  its  maximum  severity  or  has  entirely  disappeared.  Such 
outbreaks  of  cholera  would  appear  partially  to  be  due  (leaving  meteoro- 
logical influences,  relation  to  soil,  dissemination  of  the  organism,  etc., 
out  of  the  question),  to  a  rise  of  virulence  of  the  cholera  spirillum 
which  is  brought  about  by  the  fact  that  the  more  or  less  attenuated 
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organism  has  come  in  contact  with  a  number  of  particularly  susceptible 
individuals  and  the  period  of  the  epidemic,  under  certain  conditions 
at  least,  seems  to  be  limited  particularly  by  the  virulence  of  the  organism 
and  by  the  nimiber  of  susceptible  individuals  which  continue  to  be  in- 
fected with  it.  As  the  virulence  of  the  organism  diminishes,  the  number 
of  cases  of  cholera  in  a  community  will  diminish.  A  virulent  cholera 
organisms,  when  grown  on  culture  media  in  the  laboratory,  are  practically 
harmless  when  ingested  by  all  but  very  susceptible  human  beings  and 
the  same  is  probably  true  of  the  more  attenuated  spirilla  which  occur  in 
nature.  It  would  then  appear  that  the  instability  of  the  virulence  of 
the  cholera  organism  must  frequently  play  an  important  role  in  determin- 
ing the  character  and  duration  of  the  cholera  epidemic. 

How  different  is  the  picture  in  at  least  some  plague  epidemics,  such, 
for  example,  as  that  which  has  been  witnessed  in  India  for  the  past  ten 
years  and  in  which  the  number  of  deaths  reported  each  year  has  almost 
steadily  increased  from  1897  to  1904-5.  The  reported  deaths  in  India 
from  this  disease,  according  to  the  Indian  Medical  Gazette  of  July,  1906, 
are  as  follows : 

Deaths. 
Up  to  end  of  1897 57,965 

1898  118,103 

1899  134,102 

1900  91,627 

1901  273,679 

1902  577,427 

1903  851,263 

1904 : 1,022,300 

1905  950,863 

1906  to  end  of  April 170,000 

It  can  not  be  argued  that  the  disease  is  becoming  any  more  or  any 
less  virulent  from  year  to  year,  judging  from  the  death  rate,  for  we 
know  that  it  is  still  spreading  and  that  it  has  not  even  yet  extended  over 
the  whole  of  India.  Burma  has  escaped  until  within  the  last  few  months, 
but  is  now  suffering  very  severely. 

Knowing  as  we  do  from  laboratory  experiments  that  the  plague  bacillus 
is  frequently  extremely  stable  in  its  virulence  in  nature  and  that  it  may 
not  easily  become  attenuated  under  artificial  conditions,  knowing  also 
that  the  epidemic  of  this  disease  in  India  has  not  decreased  in  a  period 
of  ten  years,  the  outlook  for  the  extermination  of  the  malady  in  that 
country  by  any  other  means  than  by  the  exhaustion  of  suitable  susceptible 
individuals  and  animals  does  not  now  seem  to  be  hopeful. 

It  is  for  this  reason  that  I  agree  with  Professor  Ilaffkine,  Colonel 
Bannermann  and  many  others  in  the  idea  that  it  is  certain  that  protective 
inoculation  against  plague  must  become  one  of  the  most  effective  means 
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that  can  be  employed  in  India  for  the  extermination  of  the  malady. 
And  while  in  combating  this  disease  the  ordinary  hygienic  measures 
should  in  my  opinion  certainly  not  be  neglected  and  special  attention 
should  be  given  to  disinfection  and  particularly  to  the  destruction  of  rats 
and  fleas,  yet  it  must  be  bonie  in  mind  that  in  spite  of  all  these  precau- 
tions plague  may  continue  to  exist  as  it  has  and  one  might  almost  say 
will  continue  to  exist  in  India  until  the  larger  portion  of  the  susceptible 
population  is  either  protected  artificially  by  vaccination  or  naturally  by 
an  attack  of  the  disease,  or  until  the  agents  which  transmit  the  malady 
become  exhausted. 

As  the  disease  spreads  and  the  organism  becomes  widely  disseminated 
in  new  districts  and  new  countries,  if  the  same  conditions  for  the 
transmission  of  the  malady  are  to  be  encountered  in  the  newly  infected 
regions,  we  must  not  be  surprised  if  the  same  virulence  and  the  same 
high  mortality  continue.  Only  through  the  destruction  of  the  bacillus 
and  of  the  means  by  which  it  is  conveyed  to  man  (rats,  fleas,  etc.) 
and  through  the  exhaustion  of  the  supply  of  the  more  susceptible  human 
beings,  does  it  appear  that  some  epidemics  of  plague  may  be  limited. 
As  long  as  the  organisms  in  these  epidemics  are  sufficiently  disseminated 
and  properly  conveyed  to  man,  the  epidemics  may  continue  for  indefinite 
periods.  In  other  words,  there  is  not  the  same  hope  of  a  plague  epidemic 
wearing  itself  out,  so  to  speak,  as  there  is  of  a  cholera  epidemic  doing  so. 

On  the  other  hand,  it  is  well  known  that  the  severe  epidemics  of 
the  disease  may  be  preceded  by  sporadic  cases  of  mild  plague,  and  that 
glandular  sweUings  in  cases  free  of  fever  have  also  frequently  been  reported 
to  exist,  before  a  more  general  outbreak  of  plague  appears  in  malignant 
form.  The  malady  may  also  increase  in  virulence  if  it  occurs  in  the 
same  locality  in  successive  years,  as  was  witnessed  in  the  epidemic  at 
Bombay  in  1890-97.  We  also  know,  as  has  been  pointed  out  by  Simp- 
son,**°  that  plague  may  begin  in  a  new  locality,  then  pass  into  a  very 
virulent  variety  and  after  reaching  epidemic  proportions,  gradually  return 
to  a  mild  form  of  the  disease";  or,  on  the  other  hand,  that  some  epidemics 
may  be  mild  and  others  malignant  throughout. 

In  this  connection  it  is  interesting  to  observe  that  J.  F.  Payne  *^* 
goes  so  far  as  to  distinguish  two  distinct  strains  of  plague:  First,  the 
Eastern  Asiatic  strain,  distinguished  by — 

(1)  The  frequent  occurrence  of  epidemics  of  Pestis  minor  or  mild  plague;  (2) 
the  absence  of  any  observed  connection  with  the  epizootic  disease  of  rodents; 
(3)  more  self-limited  epidemics;  (4)  consequently  less  marked  power  of .  ex- 
tension, for  tlie  eastern  Asiatic  epidemics  have  not  in  modern  times  traveled  very 
far;    (5)   on  the  whole  less  virulence  and  a  lower  percentage  mortality. 

""Treatise  on  Pla^ie  (1905),  159.     Cambridge. 

"•Allbutt  &  Rolleston,  System  of  Medicine   (1907),  2,  388. 
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Second,  the  Indo-China  strain  which,  in  contrast  to  the  first,  is  distin- 
guished by — 

( 1 )  An  almost  invariable  connection  with  great  mortality  among  rats  and 
less  frequently  among  other  animals;  (2)  less  frequent  occurrence  of  epidemics 
of  Pestis  minoVf  although  it  is  possible  that  further  observations  may  show  that 
these  are  commoner  than  has  been  supposed;  (3)  remarkable  power  of  extension 
as  shown  in  its  spread  over  a  large  part  of  India  and  conveyance  to  many  other 
countries;  (4)  in  general,  more  intense  virulence  and  higher  case  mortality; 
(5)  the  pneumonic  form  accompanied  by  haemoptysis  is  much  cx)mmoner. 

However,  the  variations  in  virulence  of  the  disease  are  dependent 
somewhat  upon  the  differences  in  the  suscej)tibiHty  of  the  individual 
attacked  and  are  not  entirely  connected  with  the  degree  of  virulence  of 
the  organism,  which  as  we  have  seen  from  a  discussion  of  this  subject, 
may  change  under  some  of  the  physical  conditions  it  meets  in  nature 
and  in  certain  of  the  passages  through  the  animal  body. 

Therefore,  it  must  unquestionably  be  admitted  that  the  pest  bacillus 
may  under  certain  conditions  become  attenuated  many  times  during  the 
course  of  an  epidemic,  and  under  certain  others  regain  its  virulence. 
Nevertheless,  the  general  stability  of  its  virulence  must  be  recognized,  and 
I  believe  that  it  is  this  quality  which  may  markedly  influence  the  nature 
and  course  of  at  least  some  epidemics  of  plague. 

The  plagxie  organism  in  nature  is  not  very  resistant  and  easily  becomes 
destroyed  under  certain  conditions,  but  it  frequently  does  not  easily 
become  attenuated,  either  in  the  animal  body  or  outside  of  it. 

RELATION   BETWEEN   THE   VIRULENCE   OF   THE   PLAGUE   BACILLUS   AND   ITS 

IMMUNIZING    rOWER. 

The  question  of  the  relation  between  the  virulence  and  the  immunizing 
power  of  different  strains  of  the  plague  bacillus  obviously  is  an  im- 
portant one  in  its  bearing  upon  the  subject  of  protective  inoculation, 
particularly  with  reference  to  that  form  in  which  the  living,  attenuated 
organism  is  emj)love(l.  The  siiigect  of  virulence  in  relation  to  the 
immunizing  power  of  microorganisms  in  general  has  attractcnl  consider- 
able attention  during  the  ])ast  few  years.  Pfeiffer,  Friedberger  **^  and 
myself*^**  found  that  with  cholera  spirilla  a  greater  innnunity  was 
obtained  with  the  more  virulent  organisuL  Pfeiffer  and  Friedberger 
employc*d  four  strains  in  their  investigations.  My  experiments  were 
carried  on  with  two  strains  of  cbolera  spirilla  of  widely  different  viru- 
lence, and  I  was  able  conclusively  to  show  that  tbe  virulent  organism 
upon  inoculation  produced  a  bigber  immunity  and  at  the  same  time 
bound  a  greater  number  of  a]nl)oce])t(>rs   in   a  cbolera   innnune  serum 

''^  Berl.  Klin.  Wchusch.   (11)02).  39,  5SL 

"» />u6/ffflhotij?  of  the  Hunan  of  (Inrcnimmt  Laboratories^  Manihi    (1904),  No. 
21 ;   \J.  Exp,  Med.  (1905),  7,  229. 
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than  did  the  a  virulent  one.  At  the  time  of  the  publication  of  these 
experiments  I  stated  that  "these  conclusions  apply  to  the  two  strains 
of  cholera  spirilla  employed  in  the  foregoing  experiments.  Whether 
they  will  also  hold  good  with  other  strains  of  this  spirillum  or  for  micro- 
organisms in  general  must  be  decided  by  further  experimental  work.'' 

Wassermann,"*  in  studying  the  question  with  typhoid  bacilli  found  that  two 
strains  of  the  organism  which  possessed  a  greater  immunizing  power  and  a 
greater  power  of  binding  amboceptors  than  a  third  strain,  were  nevertheless  less 
virulent.  From  these  experiments  one  would  conclude  that  the  immunizing  power 
depended  rather  upon  the  binding  power  of  the  organism  than  upon  its  virulence. 
During  the  past  year  Meinicke,  Jaff6  and  Flemming/*  have  performed  careful 
and  much  more  extensive  experiments  with  cholera  spirilla,  their  investigations 
relating  to  the  question  of  virulence  with  reference  to  the  power  to  bind 
amboceptors  and  to  immunize.  While  in  some  instances  they  found  that  a 
virulent  cholera  culture  was  able  to  bind  more  amboceptors  than  an  avirulent 
one,  in  the  great  majority  of  their  experiments  they  were  able  to  show  that 
the  binding  power  was  independent  of  virulence,  since  in  many  instances  the  less 
virulent  culture  bound  a  greater  number  of  amboceptors  than  the  -more  virulent 
one. 

Their  experiments  referring  to  the  question  of  the  relation  between 
virulence  and  immunizing  power  are  not  numerous,  as  the  authors 
admit.  This  seems  to  me  to  be  unfortunate,  for  by  means  of  their 
methods  of  examination  and  the  large  number  of  strains  which  they 
studied  they  were  in  a  position  to  solve  this  problem  conclusively.  In 
one  experiment  they  were  able  to  show  that,  in  one  instance  at  least,  a 
much  attenuated  culture  was  in  a  rabbit  able  to  give  rise  to  a  serum  of 
higher  value  than  resulted  from  the  use  of  a  very  virulent  culture. 
Nevertheless,  it  would  appear  that  an  individual  variation  in  immunity 
in  the  rabbit  immunized  with  either  the  virulent  or  the  avirulent 
organism,  might  also  account  for  the  difference  in  immunity  obtained, 
and  therefore  it  would  appear  to  be  injudicious  to  draw  decided  con- 
clusions from  this  one  result.  Moreover,  it  may  be  seen  in  the  table 
which  Meinicke,  Jaffe  and  Flcmming  compiled,  and  the  fact  is  also 
emphasized  in  the  text  of  their  article,  that  with  the  small  doses  in- 
oculated, 0.1  and  0.01  oese,  there  was  very  great  variation  in  the  value 
of  the  sera  produced  in  the  different  rabbits.  Thus,  of  two  animals, 
each  inoculated  with  0.01  oese  of  the  same  culture,  one  furnished  a 
scrum  showing  a  bactericidal  value  of  1 :  400  and  the  other  of  1 : 1,000. 
However,  it  must  be  admitted  that  the  experiments  of  these  authors  not 
only  show  that  with  the  cholera  organism  binding  power  may  be  inde- 
pendent of  virulence  but  they  also  suggest  very  strongly,  if  they  do  not 
prove  conclusively,  the  fact  that  the  immunizing  power  also  may  be 
independent  of  virulence. 

"•Festschrift  Robert  Koch  (1903),  503. 

^  Ztachr,  f.  Hyg.  u,  Infectionskrank.,  Leipz.  (1906),  52,  416. 
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Pfeiffer  ^**  found  that  in  immunization  against  plague^  the  degree  of  immunity 
produced  depended  not  only  upon  the  dose  of  the  killed  pest  culture  but  also  upon 
the  degree  of  virulence  of  the  killed  organism,  and  concluded  that  the  immuniz- 
ing effect  of  pest  bacilli  is,  up  to  a  certain  extent,  proportional  to  the  virulence 
of  the  culture  employed.  Kolle  and  Martini '"  found  that  the  less  virulent 
strains  of  pest  bacilli  were  agglutinated  by  an  immune  serum  in  higher  dilutions 
than  more  virulent  ones.     However,  Shibayama*^  could  not  confirm  this  fact. 

In  my  experiments  in  agglutination  of  pest  bacilli,  the  strain  "Pest 
Avirulenf'  was  agglutinated  more  easily  than  "Pest  Virulent,"  but  as 
pseudo-agglutinations  occurred  so  frequently  with  the  former  strain,  I 
am  not  willing  to  draw  any  conclusions  from  my  experiments  in  regard 
to  this  question. 

The  pest  baciUus  is  not  a  very  favorable  organism  with  which  to  study 
the  relation  between  virulence  and  immunizing  power,  and  a  particularly 
unfavorable  one  with  whicli  to  undertake  binding  experiments  of  the 
amboceptors  in  an  immune  serum.  For  this  reason,  I  shall  only  briefly 
discuss  the  results  which  were  obtained  in  immunization  with  several  of 
the  strains  of  different  virulence.  As  may  be  seen  from  a  number  of  the 
tables  of  inoculation,  monkeys  inoculated  by  thrusting  subcutaneously  a 
syringe  needle  which  had  been  dipped  in  a  suspension  of  the  strain 
"Pest  Virulent,"  frequently  survived  the  inoculation  and  later  showed 
themselves  to  be  immune  to  pest  infection.  On  the  other  hand,  monkeys 
inoculated  in  the  same  manner,  with  a  suspension  of  the  strain  "Pest 
Avirulent"  always  survived  the  inoculation,  but  later  invariably  showed 
no  demonstrable  immunity,  and  all  succumbed  to  pest  when  reinoculated 
with  a  lethal  dose  of  the  virulent  strain. 

Throughout  the  numerous  experiments  performed  in  the  vaccination 
of  guinea  pigs  and  monkeys  with  the  strains  "Pest  x\ virulent"  and  pest 
"Maassen  Alt,"  it  became  clearly  demonstrated  that  the  latter  organism 
was  distinctly  more  virulent  than  the  former.  This  fact  may  be  con- 
firmed from  a  study  of  the  series  of  inoculated  animals  given  in  the  tables, 
and  also  from  them  it  may  clearly  be  seen  that  the  strain  pest  "Maassen 
Alt"  produced  a  higher  inimunity  in  the  animals  which  were  inoculated 
with  it  than  was  brought  about  in  those  inoculated  with  the  strain  "Pest 
Avirulent."     The  following  table  summarizes  these  results: 


Guinea  pigs. 


Strain  of  plague  bacillus. 


• 'Pest  Avirulent" ... 
Pest  "Maamcn  Alt" 


NumlKT 
inocula- 
ted with 
1  agar 
slant 
culture. 


47 


Monkevs, 


Numlier 
died 
from 
inoc- 
ulation. 

I'erccntage 
found  im- 
mune on 

subsequent 
test. 

Number 
inoc- 
ulated. 

44 

49 

Number 
died     , 
from 
incM'- 

ulation. 

! 

I'crcentage 
,  found  im- 
mune on 
MUtjM;<{Uent 
test. 

52 
70 

2 
6 

68.6 

88 

1 

'"^Bcrl.  Klin.  Wchnsch.   (1902),  39,  581. 
'''Deutsche  med.  Wchnsch.  (1902),  28,  45. 
'^Cnitrhl  f.  liakteriol  Orig,    (1905),  38,  482. 
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Therefore,  my  experiments  would  appear  to  confirm  the  earlier  sug- 
gestions of  R.  Pfeiffer  that  the  immunizing  power  of  the  plague  organism 
is,  within  certain  limits,  projmrtional  to  its  virulence.  However,  as  my 
work  relating  to  this  question  was  performed  with  only  three  strains  of 
the  pest  hacillus,  it  can  not  he  considered  to  he  conclusive  for  this 
organism  in  general  and  it  can  merely  he  state<l  that  with  the  strains 
which  I  have  studied,  the  more  virulent  organism  gave  rise  to  the  greater 
immunity,  and  that  the  immunity  within  certain  limits  was  proportional 
to  the  dose.     (See  experiments,  p]).  1J)J)  to  221.) 


XTV.  RELATION  OF  THE  IMMUNITY  REACTIONS  BETWEEN 
PEST,  RINDERPEST,  AND  HEMORRHAGIC  SEPTICEMIA. 

The  relationship  which  certain  of  the  immunity  reactions  encountered 
in  the  study  of  pest  and  rinderpest  bear  to  one  another  is  sufficiently  close 
to  attract  attention.  Perhaps  the  greatest  resemblance  is  seen  in  the 
action  of  the  immune  serum  in  the  two  diseases,  which  in  each  instance 
is  anti-infectious  in  nature,  possessing  but  little  curative  power.  In 
rinderpest  as  in  j)lague,  there  is  little  hope  of  saving  the  life  of  the  animal 
by  use  of  the  serum,  if  the  infection  is  well  advanced  before  the  serum 
is  inoculated.  The  highest  immunity  in  each  of  these  diseases  is  also 
obtained  by  the  inoculation  of  the  living  organism. 

However,  the  plague  bacillus  presents  a  more  uniform  structure  in 
the  arrangement  of  its  receptors  than  many  of  the  other  organisms  of 
the  ha^morrhagic  septicivuiia  group.  Thus,  for  example,  it  has  been 
found  in  swine  plague  that  a  serum  which  may  show  high  protective 
power  for  mice  against  several  strains  of  bacilli  of  this  group,  against 
others  will  in  these  animals  exert  almost  no  beneficial  action  whatsoever. 
This  is  not  true  in  the  case  of  pest.  A  plague  immune  serum  produced 
with  one  pest  strain  possesses  polyvalent  properties  in  that  it  will  exert 
its  anti-infectious  action  against  all  strains  of  the  pest  bacillus  no 
matter  what  their  source,  and  a  plague  polyvalent  serum  is  not  more  or 
less  effective  in  its  action  against  any  one  of  these  different  strains  of 
pest  than  is  a  univalent  one. 

Kolle,  Otto  and  Hetsch''^'*  found  that  guinea  pigs  or  rats,  only  in  very 
exceptional  instances,  could  be  immunized  against  pest  infection  by 
treatment  with  large  doses  of  other  living  bacilli  of  the  haemorrhagic 
septicaemia  group,  and,  vice  versa,  that  animals  immune  to  pest  infection 
rarely  showed  any  immunity  against  these  pest-like  bacteria. 

From  these  experiments  it  seems  established  that  the  receptors  of 
the  two  groups  of  bacteria  are  specific  and  differ  considerably  from  one 
another  and  that  the  immunity  is  also  specific  in  each  instance  and  does 
not  depend  upon  the  more  or  less  non-specific  stimulation  of  the  leucocytes, 
as  Terni '-°  has  suggesteil  in  his  most  recent  publication  on  this  subject. 

In  connection  with  the  experiments  relating  to  the  immunity  reactions 
])etween  pest  bacilli  and  the  organisms  of  the  luemorrhagic  septicfemia 
group,  it  nuiy  be  mentioned  that  we  have  noticed  in  ^lanila  that  cattle 
which  had  lx}en  rendered  thoroughly  immune  to  rinderpest  were  not 
immune  to  ha^morrhagic  septicamiia  and  frefpiently  succumbed  from 
the  latter  disease.  The  immunity  here  is  also  in  each  instance  specific. 
From  all  these  reasons  and  j)arti(uarly  because  apj)arently  only  ruminants 
are  susceptible  to  rinderpest  infection,  it  did  not  seem  at  all  likely  that 
guinea  pigs  which  bad  been  inoculated  with  virulent  rinderpest  blood 
or  with  antirinderpest  serum  would   later  show  any  immunity  to  pest 


'^Zt8chr.  f.  lly(j.  u.  Infrctionskrankh.,  Loipz.    (1004),  48,  304. 
'^Ibid.  (imXJ),  54,  MH."). 
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infection,  but  since  in  testing  antirinderpest  serum  in  the  laboratory 
the  opportunity  presented  itself  of  carrying  on  these  experiments,  they 
will  here  be  recorded.  Ten  guinea  pigs  (see  Series  66)  were  inoculated 
intraperitoneally  each  with  0.2  cubic  centimeter  of  virulent  rinderpest 
blood,  0.1  cubic  centimeter  of  which,  inoculated  on  the  same  day,  gave  rise 
to  a  fatal  rinderpest  infection  in  a  steer.  The  guinea  pigs  showed  no 
unfavorable  symptoms  following  the  inoculation.  Prom  one  to  three 
weeks  later  the  immunity  of  the  animals  to  plague  infection  was  tested 
by  rubbing  a  portion  of  a  plague  spleen  from  a  guinea  pig  just  dead  of 
pest  over  a  shaved  area  of  the  abdomen  of  the  animals  to  be  tested.  None 
of  the  guinea  pigs  of  the  series  showed  any  plague  immunity  whatever, 
as  may  be  seen  from  the  table,  and  all  succumbed  to  acute  plague  infection. 
Ten  other  guinea  pigs  (Series  67)  were  each  inoculated  subcutaneously 
with  2  cubic  centimeters  of  fresh  antirinderpest  serum.  Six  days  later 
the  immunity  against  plague  of  the  animals  was  tested  by  the  same 
method  and  all  died  of  acute  plague  infection  from  the  second  to  the 
fourth  day  after  inoculation.  Therefore,  no  relationship  in  immunity 
between  these  two  infections  could  be  stablished  by  these  experiments, 
and  they  gave  no  encouragement  for  the  performance  of  similar  experi- 
ments on  the  larger  and  more  expensive  animals,  such  as  cattle. 

Series  66. — Guinea  pigs  inoculated  with  vindeni  rinderpest  bloody  followed  by 

plague  infection. 


Inocu- 
lated 
Jan- 
uary 19 
with 

Ani- 
mal 
No. 

1708 

vir- 
ulent 
rinder- 
pest 
blood 
intra- 
perito- 
neally. 

0.2.  ce_ 

Infected  by  shaving  abdomen  and  rub- 
bing with— 

Result 

Remarks.       | 

1 

Pest  spleen  of  guinea  pig  No.  1702,  Jan.  26. 

Dead  Jan.  29,  after  3 

Culture  from 

days. 

heart,  pest 
bacilli. 

1709 

_„do-_ 

Pest  spleen  of  guinea  pig  No.  1703,  Jan.  27. 

Dead  Feb.  6,  after  10 

Do. 

• 

days. 

1711 

...do.. 

Pest  spleen  of  guinea  pig  No.  1704,  Jan.  28. 

Dead    Feb.    4,  after  7 
Qays. 

Do. 

1712   ...do.. 

Pest  spleen  of  guinea  pig  No.  1708,  Jan.  29 

Dead  Jan.  31.   after  8 

Do. 

days. 

1714    .__do.. 

Pest  spleen  of  guinea  pig  No.  1712.  Jan.  81 . 

Dead    Feb.  4,    after  4 

Do. 

days. 

1724 

.-do.. 

Pest  spleen  of  guinea  pig  No.  1711,  Feb.  4. 

Dead    Feb.   8,    after  4 

Do. 

1      days. 

1725 

...do.. 

Pest  spleen  of  guinea  pig  No  1714,  Feb.  4. 

Dead    Feb.  7,   after  3 

Do. 

j      days. 

1728 

...do .- 

Pest  spleen  of  guinea  pig  No.  1709  Feb.  7. 

Dead  Feb.  10,  after  3 

Do. 

1      days. 

1729 

...do.. 

Pest  spleen  of  guinea  pig  No.  1725,  Feb.  7. 

Dead  Feb.  12,  after  5 
days. 

Do. 

1745 

...do-. 

Pest  spleen  of  guinea  pig  No.  1724,  Feb.  8. 

Dead  Feb.  12,  after  4 
days. 

Do. 
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Skkdbs  67. 

Each  guinea  pig  of  this  series  was  inoculated  subcutaneously  with  2  cubic 
mitimeters  of  fresh  antirinderpest  serum.  Six  days  later  each  animal  was 
^inoculated  by  massaging  a  shaved  area  over  the  abdomen  with  a  portion  of 
k  spleen  from  a  guinea  pig  (No.  3058)  just  dead  of  plague  infection. 


Guinea 
pIgNa 


8074 

3075 
8076 
8077 
8078 
8079 
8080 
8081 


Antlrinder- 

pertic  leram 

aabcuta- 

nconaly. 


2  cubic  centi- 
meten. 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Infected  6 

days  after 

injection  of 

aenim. 


Result. 


With  pest. 


.do 

.do 

.do 

.do 

.do 

.do 

-do 

.do— 

.do.„ 


Dead  after  2  dajrs 

Dead  after  4  days 

Dead  after  2  days 

do 

do 

Dead  after  3  days.. . 
do 

Dead  after  4  days... 

Dead  after  2  days 


Remarks. 


Numerous  pest  bacilli  in  smears 
from  spleen. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


XV.  PLAGUE  VACCINATION  IN  HUMAN  BEINGS. 

It  having  been  conclusively  demonstrated  by  animal  experiments  that 
by  the  method  of  vaccination  against  plague  a  much  greater  immunity 
could  be  produced  than  by  any  other  method  of  inoculation,  and  earlier 
experiments  ^^®  having  demonstrated  the  entire  safety  of  the  inoculation 
of  human  beings  with  large  amounts  of  the  strain  "Pest  A  virulent/'  more 
extensive  vaccinations  were  made  in  man  with  this  culture.  The  size 
of  the  dose  employed  for  an  adult  was  always  one  24-hour  agar  slant 
culture  and  for  children  from  one-third  to  one-half  this  quantity.  Sur- 
prising as  it  may  seem,  the  injection  of  these  large  amounts  of  the 
living  plague  organism  have  not  given  rise  to  any  very  severe  reactions. 
A  few  hours  after  the  inoculation,  the  temperature  of  the  individual 
usually  begins  to  rise.  When  the  injections  have  been  made  in  the 
morning,  the  fever  may  in  the  evening  of  the  first  day  reach  from  38.5° 
to  39°.  C.  Only  in  a  few  cases  has  it  touched  40°.  The  temperature 
gradually  declines  on  the  following  day  and  by  the  third  of  fourth  one, 
has  become  normal.  Occasionallv,  the  cases  showed  a  moderate  leuco- 
cytosis  after  the  injection.  As  in  the  earlier  experiments,  the  organisms 
were  always  suspended  in  1  cubic  centimeter  of  0.085  saline  solution  and 
the  inoculations  were  made  deeply  into  the  deltoid  muscle.  Intramuscular 
instead  of  subcutaneous  injections  were  performed  on  account  of  the 
quicker  absorption  which  occurs  from  the  former  method,  and  because 
Meltzer  and  Auer  ^^^  found  that  intramuscular  injections  as  regards 
absorption  in  general  stand  in  value  very  near  that  of  a  direct  injection 
into  the  circulation.  On  the  day  after  the  vaccination  there  is  usually 
distinct  induration  and  redness  about  the  point  of  the  injection  with  some 
soreness  on  pressure,  but  these  symptoms  subside  in  from  one  to  three 
days.     No  visible  suppuration  of  the  tissues  has  ever  occurred. 

In  order  to  observe  the  length  of  time  during  which  the*  organisms 
remained  alive  in  the  tissues,  as  mentioned,  similar  inoculations  were  made 
in  monkeys  and  the  tissues  near  the  point  of  injection  incised  at  varying 
intervals  after  the  vaccination,  and  microscopical  preparations  and 
cultures  made  from  the  drops  of  blood  which  escaped  from  the  wound. 
The  technique  employed  was  the  same  as  that  used  in  the  experiments 
relating  to  increasing  the  virulence  of  the  plague  organism,  as  described 
on  page  301.     In  the  different  series  of  cultures  nuide  from  the  animals 
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inoculatwl  with  the  strain  "l^est  Avinilent''  it  was  found  that  from  six 
to  eight  hours  after  the  time  of  the  inoculation  the  organisms  were  still 
very  numerous  in  the  tissues,  after  which  time  tliey  gradually  diminished, 
and,  usually  after  twenty-four  hours,  they  were  no  hmger  reclaimable 
in  cultures.  However,  in  several  instances  a  few  colonies  developed  in 
the  cultures  made  after  this  period  of  time.  In  immunized  animals 
the  organism  was  destroyed  in  a  shorter  period,  the  cultures  made  after 
twelve  hours  frequently  remaining  sterile.  In  these  instances  smears 
from  the  tissues  three  or  four  hours  after  the  inocidation  showed  verv 
extensive  phagocytosis  of  the  bacteria.  Therefore,  the  process  of  immu- 
nization occurs  as  in  a  true  vaccination,  the  organism  reproducing  itself 
in  the  tissues  for  ])rol)ably  100  or  200  generations  and  its  successive  groups 
of  receptors  stimulating  the  production  of  corresponding  groups  of  ambo- 
ceptors in  the  animal  body.  It  therefore  is  not  difficult  to  understand 
why  the  immunity  derivcMl  from  vaccination  in  jdague  is  greater  than  that 
obtained  from  the  injection  of  the  killed  organism. 

Although  abundant  evidence  had  been  ol)tained  of  the  immunity  pro- 
duced in  animals  even  more  susceptible  to  j)lague  infection  than  man 
(guinea  pigs)  by  vaccination  with  these  attenuated  cultures,  yet  it  was 
interesting  to  observe  what  evidence  could  be  discovered,  from  a  study 
of  the  blood  serum,  of  the  immunity  resulting  in  human  beings  from 
such  vaccinations.  Therefore,  the  agglutinative  reaction  of  the  blood 
serum  of  twenty-six  of  the  casi^  and  the  anti-infectious  power  in  twenty- 
four  were  carefully  studied.  In  order  that  the  exj)eriments  might  be 
carefully  and  completely  performed,  from  10  to  20  cubic  centimeters 
of  blood  w^as  collected  from  a  vein,  in  each  case  under  a^^eptic  precautions; 
the  blood  being  drawn  ten  davs  after  vaccination  and  the  reactions  usually 
performed  as  soon  as  the  serum  had  separated  froui  the  clot.  The  results 
of  these  experiments  have  already  been  recorded  during  the  consideration 
of  the  agglutinative  and  anti-infectious  properties  of  j)lague  serum.  The 
agglutinative  reactions  are  also  summarized  in  Tal)le  Xo.  X  (p.  252),  and 
the  anti-infectious  ones  in  the  series  of  inocuhitions  on  pages  275  to  280. 
From  these  tables  it  will  be  seen  that  the  sera  j)ossess  practically  no 
agglutinating  or  anti-infectious  ])ower,  at  least  in  demonstrable  amounts. 
Onlv  in  a  few  instances  were  there  traces  of  a  reaction.  However,  since 
in  the  serum  of  animals  which  had  Ikh'U  demonstrated  to  be  thoroughly 
immune  to  jdague  these  substances  (agglutinins  and  auti-ini'ectious  bodies) 
could  not  be  demonstrated,  we  should  hardly  expect  to  find  them  in  the 
blood  serum  of  vaccinated  human  beings.  Plague  agglutinins  and  anti- 
infectious  bodies  (mly  become  (levelop(*<l  in  demonstrable  amounts  in 
animals  that  have  been  very  highly  immunized  by  large  and  repeated 
inoculations  of  the  or»ranism,  as  has  alreadv  conclusivelv  been  demon- 
strated. 

The  opsonic  power  of  the  sera  of  the  vaccinated  individuals  was  next 
carefully  investigated   in   eight  instances,  and   this   reaction   proved  to 
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be  a  much  more  delicate  and  accurate  means  of  demonstrating  the  exist- 
ence of  an  immunity  reaction  following  plague  vaccination,  than  those 
already  described.  The  experiments  were  perfonned  with  the  strain 
"Pest  Virulent'^  in  the  following  manner : 

The  blood  was  collected  10  days  after  vaccination.  0.1  cubic  oentimeter 
of  the  serum,  0.1  cubic  centimeter  of  a  suspension  of  a  normal  guinea  pig's 
washed  leucocytes  and  0.1  cubic  centimeter  of  a  suspension  of  the  strain  "Peat 
Virulent"  were  thoroughly  mixed  and  the  resulting  suspension  placed  for  thirty 
minutes  at  37°  C.  Smears  were  then  prepared  and  stained  and  200  leucocytes 
counted.  Control  experiments  of  the  nonphagocytic  power  of  the  washed  leuco- 
cytes without  serum  were  always  prepared. 

Series  62  (p.  267)  shows  the  opsonic  index  both  before  and  after  vac- 
cination. No  attempt  was  made  by  frequent  examination,  to  demonstrate 
a  negative  phase  immediately  following  vaccination  or  to  plot  the  curve  of 
the  reaction.  As  the  table  demonstrates,  there  was  usually  a  distinct 
increase  in  the  opsonic  index  following  the  inoculation,  but  this  was  not 
invariably  the  case.  The  increase  in  the  opsonic  action  of  the  blood  in 
animals  immunized  against  plague  has  already  been  discussed  under  the 
subject  of  the  immunizing  action  of  plague  immune  sera.     (See  p.  265.) 

The  most  satisfactory  test  of  the  demonstration  of  the  immunity  re- 
action in  the  blood  of  the  vaccinated  individuals  was  obtained  from  a 
study  of  the  action  of  the  serum  in  relation  to  the  phenomenon  of  fixa- 
tion of  the  complement  after  the  method  of  Bordet  and  Gengou.  These 
experiments  have  already  been  referred  to  under  the  discussion  of  the 
mechanism  of  the  action  of  plague  immune  serum.  Haemolytic  sera 
were  first  prepared  by  inoculating  rabbits  with  goats'  corpuscles;  these 
were  then  collected  from  the  rabbits,  inactivated,  and  their  haemolytic 
power  for  a  5  per  cent  suspension  of  serum-free  goat's  corpuscles 
carefully  determined.  Fresh  guinea  pig  serum  was  used  to  furnish  the 
complement,  and  the  minimum  amount  of  complement  for  the  reaction 
also  ascertained.  The  human  serum  to  be  tested  for  plague  immune 
bodies  was  then  inactivated  by  heating  for  one  hour  at  56°  C.  A  suspen- 
sion in  saline  solution  of  a  24-hour  agar  culture  of  the  virulent  pest  strain 
which  was  free  of  all  clumps  was  employed.  The  experiments  were 
performed  in  the  following  manner: 

One  cubic  centimeter  of  the  diluted  human  inactivated  serum  from  the  vac- 
cinated person  was  added  to  1  cubic  centimeter  of  the  suspension  of  bacteria  and 
the  unit  dose  of  complement  mixed  with  it.  After  one  hour  at  37°  C,  twice  the 
dissolving  dose  of  inactivated  rabbits'  serum  specifically  hsemolytic  .for  goats' 
corpuscles  and  suspended  in  1  cubic  centimeter  saline  solution  and  1  cubic 
centimeter  of  the  5  per  cent  solution  of  goats'  corpuscles  was  added  and  the 
mixtures  placed  at  37°  C.  for  2  hours.    At  the  end  of  this  time  the  reactions  were 
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loted.  All  the  neoeseary  controls  were  also  performed  as  may  be  seen  from  the 
ables  where  all  the  details  of  the  reactions  are  given.  The  experiments  were 
»erformed  with  the  sera  of  four  of  the  human  beings  and  of  two  guinea  pigs  which 
lad  been  vaccinated  and  with  the  scrum  of  one  plague  immune  horse.  In  each 
>f  these  instances  the  deflection  of  the  complement  was  obtained,  demonstrating 
lie  presence  of  plague  immune  bodies  in  the  serum  tested.  The  results  obtained 
ire  summarized  in  the  following  tables. 


Table  No.  XI. — Showing  phenomenon  of  fixation  of  the  complement  mih  the  serum 
of  human  beings  and  animals  vaccinated  against  plague. 


[Saline  suspension  0.85  per  cent,  q.  s.  to  4  cubic  centimeters  in  each  test  tube.] 
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Tabls  No.  XII, — SAotcfrip  plienomemm  of  fixation  of  the  romplemeitt  vrith  the  jKruin 
of  human  beings  I'Orriantfd  'igain»t  plague  and  wnlk  horned  pest  immune  ter«m. 


[Saline  suspension 

.85  per  cc 

■»•"■»■ 

to  4  cubic  cenumelere  In 

™ch  leal  tube.] 

Ill  wo- 
rsted 

Guinea 

rum  for 
complB- 

Uonta' 
p«l 

wram 
(Inwil- 
v.ted). 

V«pi;iliill«d  liuiuftD 
Mnim  (tnapllviled). 

T«ed) 

Snllno 
leal." 

1^ 

+ 
4 

+ 
0 

0 
0 

+ 

0 

No,  II, 

No.m 

No.  IV 

S 

nnnifi 

.15 

.15 

.IB 
.11 
.IS 
.15 
.IS 
.l.'i 

.16 
.16 

am 

COM 
0033 

00K4 

ooat 
oosa 

0033 
0033 

ocas 

0033 
0093 







711^ 

— 



• 

D,IM 
.01 

1 

0.1 

0.1 

.W 



aa 

1. 

— — -- 

.1 

, 

1 

.on 





0.05 

0.1 
.OS 

— 

... 

.05 

.ua 

1 

.1 

_-_- 

~— 

.» 

— 

:1 



0033 

15 

- 

_- 

-" 

_    = 

Ihertfore  following  pla^m  *accination  in  liuiiijn  bungs  an  immunity 
reaction  oconrs  ttliirh  cnntists  m  tlip  (l(\dopm(.nt  of  anti  bodies  thrown 
(iff  rnto  the  (iniilatum  anl  wlio«e  prcttna  ma\  Ih,  (kinonst rated  both  by 
tin.  opsonic  vi  utiiin  of  \\  nj.lit  and  al^-o  In  the  method  of  the  fixation  of 
tht,  (ompluiRiii  of  Borikt  ml  (iLnt;ou 

"Mnce  nij  first  report  ui)on  the  method  of  vatLiiiation  againit  plague 
in  man  in  1905,  such  inoculations  have  been  madt  from  time  to  time 
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and  (luring  the  past  year  nearly  200  vaccinations  have  been  performed. 
The  cultures  with  which  I  liave  worked  have  proven  themselves  to  be 
entirely  safe  for  human  beings  *^**  and  I  have  observed  no  unfavorable 
results  in  the  inoculated.  However,  as  emphasized  in  my  previous  com- 
munication, vaccinations  against  plague  should  not  be  made  in  man 
unless  the  investigator  can  guarantee  the  particular  organism  with  which 
he  is  working  to  be  of  sufficient  attemiation  to  be  no  longer  dangerous 
for  human  beings.  Strains  of  the  bacilli  which  invariably  no  longer 
kill  guinea  pigs  of  250  grams  weight  upon  subcutancKjus  inoculation  in 
amounts  of  one  agar  slant  culture  are  probal)ly  safe  in  small  amounts 
for  human  beings.  Owing  to  the  gre^it  stability  in  virulence  of  the 
plague  bacillus  under  certain  conditions,  its  use  in  vaccination  is  niuch 
simplified. 

During  the  past  year  and  a  half  I  have  been  able  to  detect  no  change 
either  in  virulence,  toxicity,  or  immunizing  power  in  the  strains  with 
which  I  have  performed  my  vaccinations  in  nuin  and  in  animals.  The 
cultures  apparently  possess  the  same  immunizing  power  to-day  as  they 
did  at  the  commencement  of  the  experiments.  However,  it  is  very 
probable  that  they  could  be  further  attenuated  by  the  artificial  means 
previously  described. 

Douglas  and  W.  Bullock  ^'-^  (whose  article  on  plague  has  just  appeared 
in  Allbutt  and  Rolleston's  System  of  Medicine  as  my  article  goes  to  press) 
in  commenting  upon  my  work  in  vaccination  against  plague  make  the 
following  statement : 

Naturally  very  great  care  would  Ik?  necessary  in  reconnneiuling  a  method  like 
this  on  a  big  scale  in  plague  stricken  communities,  as  from  unforese<m  circum- 
stances the  virulence  might  increase  and  plague  he  induced. 

As  I  have  pointed  out,  there  is  no  evidence  to  support  this  statement, 
and  my  cultures  which  for  nearly  two  years  have  been  used  at  intervals 
in  himian  beings  are  as  safi;  for  use  in  man  to-day  as  they  were  at  the  time 
of  my  first  inoculations. 

*"The  accident  in  relation  to  some  inoculations  which  recently  occurred  in 
Bilibid  Prison  in  Manila  and  alwut  which  a  report  will  shortly  he  made,  was  not 
due  to  these  plague  vaccinations. 

»=•  Allbutt  and  UoUeston:   System  of  Medicine  (1007),  2,  part  2,  408. 


Xyi.  CONCLUSION. 

In  recommending  for  man  vaccination  against  plague  with  suitable 
cultures  I  wish  to  emphasize  the  fact  that  the  method  is  not  infallible 
and  that  very  brilliant  results  may  not  always  be  obtained  by  it.  In  the 
vaccination  of  large  numbers  of  human  beings,  owing  to  individual  varia- 
tions in  susceptibility  to  plague  infection  and  natural  resistance,  just  as 
in  the  experiments  described  in  monkeys,  certainly  all  of  the  individuals 
will  not  be  protected  against  lethal  infection  by  a  single  vaccination  with 
one  agar  culture,  but  a  certain  proportion  of  them  may  be  immunized 
by  this  method  and  an  appreciable  degree  of  immunity  may  be  retained 
for  at  least  nine  months.  The  population  in  a  plague  stricken  district 
may  gradually  be  immunized  against  this  disease  by  the  employment  of 
vaccination. 

In  plague,  as  in  smallpox  vaccinations,  it  may  frequently  be  necessary 
to  repeat  the  vaccination  and  perhaps  with  a  larger  dose,  in  order  to 
secure  a  satisfactory  immunity. 

As  yet  we  know  of  no  practical  method  for  the  detection  of  those  cases 
which  would  require  a  second  plague  vaccination  to  produce  in  them  a 
sufficient  immunity  to  protect  them  from  the  natural  manner  of  infection 
of  the  disease.  It  is  perhaps  possible  that  by  a  careful  study  of  the  opsonic 
index  in  man  and  animals  both  before  and  after  vaccination  and  with  sub- 
sequent attempts  to  infect  the  animal  in  order  to  observe  the  degree  of 
immunization  which  has  resulted,  a  standard  may  be  obtained  by  means 
of  which  we  may  be  able  to  judge  from  the  amount  of  the  increase  in  the 
index  whether  the  individual  has  acquired  a  satisfactory  immunity  from 
the  first  vaccination. 

Owing  to  the  complexity  of  the  experiments  necessary  for  the  determi- 
nation of  the  phenomenon  of  the  fixation  of  the  complement  in  the 
serum  of  the  vaccinated,  this  method  will  probably  never  assume  prac- 
tical value  for  the  determination  in  a  large  number  of  cases  of  the 
degree  of  plague  immunity  acquired. 

Professor  Kitasato  in  a  recent  address  published  in  a  previous  number 
of  this  Journal  ^^^  made  the  statement  that : 

Plague  is  not  only  objectionable  to  the  people  of  a  locality  but  it  is  aji  enemy 
to  mankind  in  general.  All  civilized  nations  must  fight  this  common  enemy. 
I  believe  there  should  be  an  international  conference  to  discuss  a  plan  to  collect 
money  and  to  organize  an  international  army  to  combat  and  vanquish  this 
disease  wherever  it  appears.     Expeditions  should  be  sent  to  the  interior  regions 

^'^Thia  Journal  (1906),  1,  466. 
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of  India  and  South  China.  The  cost  of  such  an  enterprise  would  be  only  a  small 
part  of  what  the  civilized  nations  are  constantly  expending  in  keeping  armies  and 
navies.  Even  the  amount  wliich  every  country  is  spending  for  the  prevention  of 
the  pestilence  would  suffice.  My  suggestion  only  lacks  a  leader,  and  I  see  that 
the  United  States,  one  of  the  greatest  nations  of  the  earth,  has  such  a  leader 
in  the  person  of  its  president,  Theodore  Roosevelt,  who  has  already  done  so 
much  for  humanity  and  whose  noble  works  are  being  admired  by  the  whole 
world. 

It  is  obvious  that  sufficient  attention  is  not  being  given  to  combating 
this  disease  in  its  endemic  centers  and  from  which  there  is  continued 
danger  of  invasion  by  the  pestilence  into  other  countries.  This  fact  is 
conclusively  demonstrated  because  the  disease  is  not  markedly  decreasing 
in  these  centers.  Indeed  it  would  appear  that  India  is  at  present  suffer- 
ing from  an  epidemic  of  plague  equal  to  the  one  which  occurred  there 
in  1904.  The  official  monthly  returns  from  that  country  for  the  present 
year  (1907)  show  58,438  deaths  from  plague  in  January,  98,397  in 
February  and  171,522  in  March."^ 

During  the  past  year  the  British  Indian  Plague  Commission,  under 
the  direction  of  Martin  and  Lamb,  have  by  their  very  important  studies 
thrown  much  light  upon  the  question  of  the  manner  of  transmission 
of  the  disease.  Frequent  reference  has  been  made  in  the  present  article 
to  their  researches  as  well  as  to  the  very  valuable  ones  of  Kolle  and  his 
pupils  in  Berlin,  and  it  is  hoped  that  the  laboratory  investigations  of 
these  observers  together  with  the  studies  of  Kitasato  in  Japan  will 
serve  further  to  stimulate  more  active  work  in  the  extermination  of  this 
pestilence. 

From  my  investigations  it  would  appear  that  general  vaccination  in 
the  endemic  centers  will  be  a  valuable  means  of  assistance  in  accomplish- 
ing this  end. 

""Lancet.  (1907),  1,  1200. 
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NEGATOR  AMERICANUS  IN  NATIVES  OF  THE  PHILIPPINE 
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Bv  Clarence  L.  Cole.=' 


In  the  routine  examinations  of  patients  admitted  to  the  United  States 
Army  Hospital  at  Manila,  P.  I.,  many  members  of  Philippine  Scout 
organizations  and  native  civilian  employees  have  been  found  to  have  a 
few  ova  of  Uncinaria  in  their  stools.  In  these  cases  the  presence  of 
Uncinaria  has  not  made  itself  manifest  clinically  to  such  an  extent  that 
a  diagnosis  of  uncinariasis  has  often  been  made,  and  as  many  of  these 
patients  have  been  admitted  from  temporary  stations  in  the  field,  where 
microscopical  examinations  could  not  be  undertaken,  they  were  therefore 
sent  to  the  hospital  accompanied  by  a  different  diagnosis.  It  has  been 
customary  to  ac*cept  Uncinaria  ova  as  belonging  to  the  Old  World  species, 
without  studying  the  adult  parasites  obtained  after  the  administration 
of  vermicides  to  those  patients  whose  stools  have  shown  ova,  because  of 
the  fact  that  no  other  varietit»s  of  Uncinaria  have  been  reported  from 
the  Philippine  Islands. 

In  September,  190(),  a  private  of  the  Twenty-eighth  Company,  Philip- 
pine Scouts,  was  admittcMl  to  the  Division  Hospital,  Manila,  P.  L,  and 
ova  of  Uncinaria  were  found  in  his  stool,  they  being  more  abundant  in 

'  Read  at  the  Fourth  Annual  Meeting  of  the  Philippine  Islands  Medical  As- 
sociation, Manila,  February  28,  1907,  with  the  permission  of  the  chief  surgeon, 
Philippines  Division,  Manila,  P.  I. 

'First  lieutenant  and  assistant  surgeon,  United  States  Army;  pathologist  and 
bacteriologist,  United  States  Army,  Division  Hoepital,  Manila. 
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this  case  than  in  any  other  which  had  heen  examincnl  in  the  preceding 
six  months.  Three  or  four  ova  could  be  observed  in  the  field  at  one  time 
when  the  5  objective  was  used.  A  very  few  Vncinaria  were  recovered  in 
the  first  stools  after  the  administration  of  thymol ;  two  days  later,  follow- 
ing a  course  of  thymol,  about  ninety  were  obtained  and  ova  were 
not  found  again  until  fifteen  days  had  elapsed,  when,  after  a  third  course 
of  the  drug  a  large  number  of  Uncinariu  (possibly  fifty)  were  again 
recovered.  No  more  ova  were  encountered  in  the  stools  of  this  patient. 
The  Uncinaria  obtained  from  this  case  corresponded  quite  closely  in 
measurements  to  those  given  by  Stiles  ®  for  the  variety  of  Uncinaria 
described  by  him  and  to  which  he  has  given  the  name  Uncinaria  ameri- 
cana  {Necator  americanns)  ,*  When  examining  the  female  of  this 
variety  the  position  of  the  vulva  was  noticed  as  one  of  the  first  things 
differentiating  Necator  from  Agchylosioma.  In  all  the  specimens  ex- 
amined it  has  been  found  to  be  near  the  anterior  one-third  of  the  bodv. 

• 

(PI.  I,  figs.  1  and  2.)  From  these  facts  it  appears  that  the  specimens 
are  Necator  americanus.  In  the  meantime,  similar  Uncinaria  had  been 
recovered  from  other  patients.  The  medical  publications  reaching  Ma- 
nila during  the  progress  of  this  work  established  the  fact  that  Necator 
ainericanus  had  been  identified  in  material  from  Guam  and  China.* 

As  interest  had  been  aroused  by  the  supposed  finding  of  Necator 
am^ricanus  in  natives  of  the  Philippine  Islands,  great  care  was  taken 
to  secure  as  much  material  as  possible  for  comparison.  In  addition  to 
the  patient  mentioned  above,  seven  other  Filipino  and  two  American  sol- 
diers have  been  found  to  harbor  this  parasite.  The  stations  of  these 
soldiers  were  widely  separated  and  in  different  islands  of  the  Archipel- 
ago as  follows:  four  from  the  same  station  as  the  case  just  referred  to, 
two  from  t&e  Island  of  Samar,  another  from  the  city  of  Manila,  one 
American  soldier  was  sent  to  this  hospital  from  the  Island  of  Guimaras, 
the  other  from  Camp  Daraga,  Luzon.  No  less  than  five  hundred  Unci- 
naria have  been  collected  from  these  cases.® 

The  structures  which  are  constantly  present  and  unmistakable  in 
these  Uncinaria,  which  resemble  Necator  americanus  more  than  they  do 
any  other  of  the  Strongyloidfe,  were  thought  to  be  of  sufficient  importance 

*P.  H.  d  M.  U.  8.  Bull.  (1003),  No.  10. 

*A  Young  Stage  of  the  Ainericiin  Hookworm — Xeaitor  Aviericantts  (Stiles 
1902)— 8  to  12  Days  after  Skin  Infection  in  Rabbits  and  Dogs.  Stiles  and  Gold- 
berger,  Am.  Med.  (190G).  11,  63. 

''Bull.  Johns  Hopkins  Hosp.  (1906),  17,  31.3. 

•  Photomicrographs  and  camera-lucida  drawings  have  been  made  of  a  number 
of  specimens,  to  assist  in  demonstrating  the  presence  of  the  newly  described  organs 
not  found  in  the  descriptions  or  illustrations  by  Stiles;  whereas  the  apparently 
new  organs,  or  their  homologues,  were  illustrated  by  the  same  author  in  Agchy- 
losioma duodenale.     (After  Schulthess   (copied  from  Blanchard).) 
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to  form  the  basis  for  the  supposition  tliat  a  new  species  of  Necator  had 
been  found  in  the  Philippine  Islands. 

About  the  time  this  conclusion  had  been  reached  and  an  effort  had 
been  made  to  describe  this  supposedly  new  variety  of  Uncinaria,  it  ap- 
j)eared  that  others  were  finding  spcK*ies  of  Necator  differing  from  Necator 
americaniis, 

Stephens^  thinks  that  Necator  amencanus  may  be  only  one  of  many 
species  which  exist  in  different  ])arts  of  the  world.  He  has  found  va- 
rieties of  Necator  differing  from  Necator  americanns  in  material  collected 
in  Burma  and  Assam.  Ti(X)s  ^  of  C^airo  confirmed  Stephens's  statement 
and  identified  at  least  three  different  species  in  the  material  which  the 
latter  had  collected.  It  is  not  known  upon  what  characteristics  Stephens 
bases  his  differentiation  as  no  specimens  have  been  descrilK3d  by  him. 

In  January,  1907,  through  the  kindness  of  Lieut.  P.  E.  Garrison, 
United  States  Navy,  medical  zoologist  at  the  Bureau  of  Science,  an 
opportunity  was  given  to  compare  the  Unciruirm  I  had  obtained  with 
type  specimens  of  Necator  americanus  which  he  had  prwured  in  Wash- 
ington from  Stiles.     They  were  found  to  be  similar.® 

After  quoting  the  description  given  by  Stiles  for  Necator  americanus 
I  will  attempt  to  demonstrate  by  means  of  drawings  and  photomicro- 
graphs the  characteristics  of  the  Uncinarm  found  here. 

The  New  World  hookworm  of  man,  Unctn<iria  americana  Stiles,  1902. 

Specific  diagnosis. — Vncinaria:  Body  cylindrical,  somewhat  attenuated  ante- 
riorly. Buccal  capsule  with  a  ventral  pair  of  prominent  semilunar  plates  or  lips, 
similar  to  U.  stenocephala^  and  a  dorsal  pair  of  slightly  developed  lips  of  the  same 
miture;  dorsal  conical  median  tooth  projects  prominently  into  the  buccal  cavity, 
similar  to  Monodontus ;  one  pair  of  dorsal  and  one  pair  of  ventral  submedian  lancets 
deep  in  buccal  capsule.  Male,  7  to  9  millimeters  long;  caudal  bursa  with  short, 
dorsomedian  lobe,  which  often  appears  as  if  it  were  divided  into  two  lobes,  and  with 
prominent  lateral  lobes  united  ventrally  by  an  indistinct  ventral  lobe;  common 
bane  of  dorsal  and  dorso-latoral  rays  very  short ;  dorsal  ray  divided  to  its  bjuse, 
its  two  branches  being  prominently  divergent  and  their  tips  being  bipartite;  spicules 
long  and  slender.  Female,  9  to  1 1  millimeters  long;  vulva  in  anterior  half  of  the 
body,  but  near  equator.  Eggs,  ellipsoid,  (»4  to  7()  fi  long  by  30  to  40  fi  broiid, 
in  some  cases  partially  segmented  in  utero,  in  other  (rare)  cases  continuing  a  fully 
developed  embryo  when  oviposited. 

Habitat. — Small  intestine  of  man  {Homo  sapirtu**)  in  America  (determined  to 
date  (1902)  for  Virgiivia,  North  and  South  (.'arolina,  (Jeorgia,  Florida,  Alabiima, 
Texas,  Porto  Rico,  Cuba,  and  Brazil). 

'Indian  Med.  Uaz.  (1906),  41,  398. 

•  Ibid. 

•The  single  male  si>ecimen  of  Svc-iitor  aimn'imnuH  which  was  given  me  had  been 
mounted  for  some  time,  and  as  a  result  of  the  pressure  of  the  cover  glass  the 
specimen  is  flattene<l  and  can  not  be  placed  in  as  favorable  position  for  demon- 
strating the  structures  in  question  as  some  of  the  fresh  ones  from  the  Philip- 
pines. 
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The  following  characteristics  may  be  distinguished  in  all  the  Uncinarui 
recovered  from  the  cases  here  reported. 

A  alight  depression  in  the  cuticular  layer  of  the  body  wall  upon  the  ventral 
surface  0.6  millimeter  posterior  to  the  oral  marfi^in.  (See  PI.  T.  figs.  1  to  4.) 
At  the  center  of  this  depression  there  is  an  openinfj^  into  the  body  cavity.  This 
corresponds  to  the  position  of  the  excretory  pore  in  Uncinaria  duodenalia.  In 
many  specimens  this  opening  is  surrounded  by  a  mass  of  ^anular  matter  which 
can  easily  be  removed  with  no  disturbance  of  the  cuticle  at  the  site  of  attachment. 
The  granular  material  may  be  seen  within  the  mouth  of  the  pore  in  some  of  the 
specimens,  apparently  being  extruded  from  the  body.  The  cervical  papills  are 
situated  upon  either  side  of  the  excretory  pore.  The  position  of  the  excretory 
pore  is  not  indicated  in  the  original  drawings  of  Neoator  americanus. 

The  specimens  collected  here  do  not  correspond  exactly  in  size  with  those 
collected  in  America.  The  extreme  measurements  for  the  male  specimens  are 
from  7.25  millimeters  in  length  for  the  shortest  found,  to  8.5  millimeters  for  the 
longest;  the  shortest  female  measured  10  millimeters  in  length,  the  longest  13.5 
millimeters. 

The  presence  of  a  pair  of  small,  ray-like  organs  within  the  caudal  bursa  of  the 
male  (not  mentioned  in  the  original  description),  the  constant  presence  of  an 
enlargement  of  the  bursa  adjacent  to  them,  the  shape  of  the  dorso-lateral  rays  and 
the  prominence  of  the  dorsal  and  ventral  lobes  of  the  caudal  bursa  attract  one's 
attention. 

The  caudal  bursa  of  the  male  consists  of  two  lateral  lobes  continuous  with 
small  dorsal  leaflets.  Each  of  the  leaflets  partly  surrounds  one  of  the  dorsal 
rays.  (See  PI.  II.)  Ventrally  the  bursa  presents  a  slight  enlargement  just 
posterior  to  the  point  at  which  it  is  continuous  with  the  body  wall.  (PI.  II.) 
The  lateral  lobes  are  connected  ventrally  by  a  delicate,  filmy  ventral  lobe.  (PI.  II, 
flgs.  3  and  4.)  When  the  lateral  lobes  are  closely  approximated  the  ventral  lobe 
may  frequently  be  seen  folded  upon  itself  with  the  fold  deep  between  the  lateral 
bursa.     (PI.  II.  fig.  3.) 

The  dorso-lateral  rays  are  long,  slender  and  clavate.  (PI.  II,  flgs.  3  and  4; 
PI.  IV,  fig.  1.) 

Within  the  bursa,  anterior  to  the  ventral  rays,  a  pair  of  small  organs  may  be 
Hpen  resembling  rays  in  structure,  but  more  delicate.  They  are  constant  in  all 
males.  It  is  rarely  possible  to  see  more  than  one  in  the  same  focus,  but  the 
specimen  may  bo  rotated  under  the  cover  glass  until  both  organs  may  clearly  be 
distinguished.  These  organs  are  homologous  with  the  praecaudal  papillae  of 
Uncinaria  duodenalis.  They  arise  from  the  large  trunks  which  give  origin  to  the 
lateral,  ventro-lateral,  and  ventral  rays  of  their  respective  sides,  but  anterior  to 
these.  By  placing  the  specimen  in  the  position  that  shows  the  dorsal  rays  most 
clearly,  one  or  perhaps  both  of  the  smaller  rays  may  be  seen  directly  opposite, 
ui)on  the  ventral  surface,  the  tips  of  the  rays  projecting  into  the  ventral  enlarge- 
ment of  the  caudal  bursa.      (PI.  I,  fig.  3;   PI.  II:   PI.  Ill,  fig.  1.) 

The  spicules  terminate  in  barbed  tips  and  the  length  of  the  free  ends  of  the 
spicules  is  not  constant.  Some  may  terminate  within  the  caudal  bursa  while 
others  protrude  as  much  as  one-half  the  length  of  the  caudal  bursa  beyond  it. 
(PI.  II,  figs.  3  and  4.) 

The  following  measurements  of  three  female  worms  illustrate  the  relation  of 
tlie  distance  from  the  head  to  the  vulva  to  the  total  length  of  the  worm: 

No.  1:  Length  of  worm,  11.6  millimeters;  distance  from  head  to  vulva,  5  milli- 
meters.    No.  2:    r^ongth  of  worm,  10.7  millimeters;  distance  from  head  to  vulva. 
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4.4  millimeters.  No.  3:  Length  of  worm,  12.6  millimeters;  distance  frbm  head  to 
vulva,  5.5  millimeters. 

The  ratio  which  the  length  from  head  to  vulva  bears  to  the  length  from  the 
vulva  to  the  tip  of  the  tail  in  the  three  cases  above  given  is  as  follows : 

No.  1,  1 :  2.32.     No.  2,  1 :  2.43.     No.  3,  1 :  2.29. 

The  ova  are  larger  than  those  of  UfuHnariu  duodencUut.  (PI.  IV,  fig.  2.) 
Harris "  reports  the  measurements  of  ova  of  Necator  americanus  from  57.5  to 
80  fi  in  length  and  35  to  52.5  /a  in  breadth ;  and  the  average  from  a  large  number 
of  ova  as  66.52  fA  in  length  by  42.53  /a  in  breadth.  In  these  cases  the  ova  measured 
from  58  to  73  /a  in  length  by  36  to  46  fA  in  breadth.  The  average  measurement  of 
40  ova  was  66  by  40  /a. 

The  attention  of  the  commanding  officer  of  the  Division  Hospital, 
Major  F.  J.  Ives,  United  States  Army,  having  been  invited  to  the  num- 
ber of  patients  from  the  Twenty-eightli  Company  of  Philippine  Scouts 
admitted  to  the  hospital  and  infected  with  Necator  americanics,  he  re- 
quested the  chief  surgeon  of  the  Philippines  Division  to  authorize  an 
investigation.  The  result  was  that  IJncinaria  ova  were  found  in  the 
first  slide  from  13  of  25  men  (52  per  cent)  examined,  who  at  that  time 
were  on  duty. 

The  fact  that  Necator  americanius  has  been  recovered  from  the  stools 
of  all  enlisted  men  showing  Uncinaria  ova,  admitted  to  this  hospital 
since  September,  1906,  and  that  ova  corresponding  in  measurements  to 
those  of  Necator  americanus  have  been  found  in  the  stools  of  52  per  cent 
of  the  men  examined  in  one  company,  would  lead  one  to  think  that  a  large 
percentage  of  natives  of  the  Philippine  Islands  harbor  this  parasite. 
Craig  ^^  reported  cases  of  uncinariasis  in  soldiers  who  had  returned  from 
the  Philippine  Islands  to  the  United  States,  but  in  those  only  Uncinaria 
dtiodenalis  was  found. 

As  both  varieties  of  Uncinaria  are  present  in  the  Philippine  Islands 
and  as  these  investigations  demonstrate  that  Necator  americanus  is  quite 
prevalent,  uncinariasis  would  appear  to  be  one  of  the  most  common 
diseases  to  be  found  here  and  it  would  be  expected  that  many  severe  cases 
would  be  encountered. 

Seventy-six  officers  and  men  of  the  Regular  Army  have  been  treated 
for  uncinariasis  in  the  Division  Hospital  since  its  organization  in  1898, 
and  of  this  number  only  38  were  admitted  with  a  diagnosis  of  uncina- 
riasis or  ankylostomiasis.  The  histories  of  these  38  patients  show  gastro- 
intestinal disturbance  in  32,  anaemia  in  H,  heart  murmurs  in  2.  Dysjv 
noea  and  oedema  were  not  noted  among  the  symptoms  in  any  of  them. 
Six  cases  were  uncomplicated  by  other  diseases;  21  were  suffering  with 
dysentery  as  well  as  uncinariasis;  5  with  diarrhoea;  5  with  malaria;  1 

**  Uncinariasis  ( AnkylostomiaHis )  ;  Its  Frequency  and  Importance  in  the  South- 
em  States.     The  Atlanta  Joum. — Record  of  Medicine  (1903). 

"The  Occurrence  of  Uncinariasis  (Ankyloatomiaais)  in  Soldicn  of  the  United 
States  Army.     .4  m.  J.  Med.  8H.  (1903),  126,  798 
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with  sprue;  3  with  filariasis;  1  with  rheumatisin ;  1  with  liver  abscess, 
and  1  with  epilepsy. 

Thirty-eight  eases  have  been  admitted  to  the  hospital  for  other  con- 
ditions, and  ova  of  Uncinarui  have  subsequently  been  found  in  their 
stools.  The  diagnosis  in  nineteen  of  these  has  been  changed  to  uncina- 
riasis with  no  complication.  In  nearly  all  of  the  others  gastro-intestinal 
disturbance  was  marked ;  anaemia  being  observed  in  five.  Of  the  remain- 
ing cases,  dysentery,  tuberculosis  and  malaria  were  common  complica- 
tions. Three  of  these  were  diagnosed  a.s  beriberi  and  in  one  the  diagnosis 
was  changed  to  uncinariasis. 

I  have  not  had  an  opportunity  during  my  tour  of  duty  in  these  Islands 
to  travel  through  the  country  districts  where  one  would  expect  to  find 
conditions  most  favorable  for  the  development  of  Uncinaria  and  to  en- 
counter the  most  serious  cases  of  uncinariasis.  The  patients  I  have  had 
an  opportunity  to  examine  and  tlie  records  of  cases  to  which  I  have 
been  able  to  refer,  have  all  been  of  soldiers  who  had  not  more  than  three 
years  previously  passed  a  rigid  physical  examination.  These  men  had 
only  been  exposed  to  the  infection  during  longer  or  shorter  periods  of 
active  service  in  the  field,  but  some  of  the  Scouts  may  have  been  suffer- 
ing from  mild  infections  of  a  number  of  years'  duration. 

In  the  United  States  it  has  been  found  that  women  and  children  are 
the  greatest  sufferers,  except  in  the  cases  where  the  employment  of  the 
men  caused  an  exposure  of  the  bare  skin  to  the  contaminated  earth. 
Soldiers  are  exposed  to  infection  by  this  parasite  while 'performing  field 
service  and  then  only  during  the  rainy  season.  It  would  hardly  be  pos- 
sible that  cases  as  severe  would  be  found  among  these  picked  men  as 
among  natives  in  a  barrio. 

The  health  of  the  soldier  in  garrison  is  safeguarded  by  all  the  precau- 
tions known  to  the  sanitarian ;  it  would  be  a  grave  condition  indeed  if 
under  these  circumstances  severe  cases  of  uncinariasis  could  develop  at 
all  and  it  could  hardly  be  possible  for  a  severe  infection  to  occur  in  any 
great  number  of  soldiers  during  the  short  tours  of  field  duty  which  are 
customarv'  in  these  Islands. 

ft/ 

In  the  provinces  no  precautions  at  all  are  taken  properly  to  dispose  of 
the  waste.  Privies  and  vaults  are  among  the  rarities  and  the  surface  of 
the  ground  around  by  far  the  greater  majority  of  the  houses  has  been 
contaminated  from  the  time  that  the  houses  were  built.  The  abundant 
growth  of  vegetation  around  dwellings  furnishes  the  most  favorable  con- 
ditions (shade  and  moisture)  for  preserving  the  vitality  of  rhabditiform 
(MTibryos,  and  the  barefoot(»d  householder  and  his  family  are  constantly 
exposed  to  the  infection. 
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I  wish  to  quote  a  few  lines  from  Ashford^^  in  regard  to  the  severity  of 
this  disease  in  Porto  Rico : 

There  seems  to  be  no  doubt  that  for  many  years  from  5,000  to  7,000  people 
have  been  dying  annually  from  this  easily  curable  and  preventable  disease;  nor 
is  it  an  exaggeration  to  say  that  the  great  majority  of  those  affected  with 
Neoator  americanus  are  physically  incapable  of  rendering  anything  like  their 
full  quota  of  labor.  •  •  ♦  Fully  70  per  cent  of  the  worm  carriers  suffer  more 
or  less  severely  from  their  infection,  and  an  incredibly  large  number  of  men  that 
should  form  the  bone  and  sinew  of  this  healthful  and  beautiful  island  are  ghost- 
like invalids,  compelled  to  work,  though  sick,  thai  their  families  may  not  starve. 

If  such  a  condition  exists  in  Porto  Rico  why  should  not  a  similar  one 
be  found  in  the  Philippine  Islands  where  we  have  the  same  parasite,  all 
the  favoring  conditions  for  its  growth  which  a  tropical  climato  affords 
and  a  population  whose  habits  are  such  that  the  greatest  care  could  not 
facilitate  the  dissemination  of  the  infection  more  perfectly? 

There  are  two  conditions  existing  in  Porto  Rico  which  have  been  found 
favorable  for  the  spread  of  uncinariasis  that  are  dissimilar  in  these 
Islands.     They  are: 

First.  An  occupation  in  which  a  large  number  of  barefooted  people 
are  gathered  together  during  the  rainy  season,  and  each  by  his  careless 
habits  increases  the  danger  to  the  others. 

Second.  The  Porto  Ricans  are  a  lighter  skinne<l  race  than  the  Fili- 
pinos. 

In  the  Philippine  Islands  the  cultivation  of  coffee  is  not  a  very  exten- 
sive industr}'  and  the  number  of  people  engaged  in  it  is  comparatively 
small.  There  is  no  single  industry  in  which  great  numbers  of  the  Fili- 
pinos are  engaged  that  presents  equally  favorable  opportunities  for  uni- 
versal dissemination  of  the  infection.  Nearly  every  writer  upon  uncina- 
riasis states  that  the  Negro  living  in  localities  where  uncinariasis  is 
prevalent  does  not  suffer  from  the  ansemia  which  lighter  skinned  j)eoplc 
are  subject  to.  The  Filipino  being  quit€  dark  skinned  may  be  loss  sus- 
ceptible than  the  Porto  Rican. 

For  manv  vears  authorities  have  considered  the  Porto  Rican  anaemia 
to  be  due  to  an  innutritions  diet.  The  Porto  Rican  Anaemia  Commission 
proved  the  fallacy  of  this  supposition  by  restoring  thousands  to  health 
by  removing  the  Uncirwria  with  which  the  poorer  ])oople  were  infect^nl. 
One  would  not  expect  the  poor  negro  of  our  Southern  Staters  or  of  Porto 
Rico  to  subsist  upon  a  more  nutritious  diet  than  the  poor  white  of  the 
same  locality;  yet  many  investigators  have  obs(TV(»<l  the  relative  infre- 
quency  of  severe  cases  of  amemia  in  the  negroes  of  these  districts. 

^-  MlUtnry  Surf/,  i  HK)7),  20,  41. 
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Plate  IV. 

Fig.  1.  Photomicrograph  of  tail  of  male  Neoator  amerioanua,  pofitero-yentrally. 
The  Bame  npecimen  ilhifltrated  by  drawing.    l^Iagniftcation,  56X1. 

2.  Illufltration  of  ten  uncinaria  ova  in  different  stages  of  segmentation  with 

their  respective  measurements.  (Original.)  7,  72X40  ^;  2,  62X38  fi: 
S,  58X42  m;  ),  73X42  m;  .^,  58X43  fii  (?,  68X36  /i;  7,  68X38  fi;  «, 
02X38  fi;  9,  08X38  /i;  li),  02X42  /i. 

3.  Pliotomicrograph  of  buccal  plates  in  mouth  of  \ecator  amerioanus.     Mag- 

nification, 40X1.     A,  large  ventral  plates;  B,  dorsal  plates. 

4.  Tail  of  the  female  grejitly  enlarged,  Necator  americanuJi.     (Original.)      A^ 

anus. 
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THE  RECENT  TREND  OF  IMMUNITY  RESEARCH." 


6v  Habby  T.  Marshall. 
{From  the  Biological  Jjdboratory  of  the  Bureau  of  Science,  Manila,  P.  /.) 


The  term  immunity  has  come  to  have  two  meanings  within  recent 
years;  it  retains  its  older  significance  and  it  is  also  used  broadly  to 
designate  the  condition  resulting  when  an  organism  has  reacted  to 
foreign  albuminous  material.  Researches  along  the  more  general  lines 
of  immunity  have  led  in  such  widely  divergent  directions  that  a  gen- 
eral review  of  the  literature  can  not  be  attempted  within  the  limits  of 
the  time  allotted  to  this  paper.  Therefore,  I  have  selected  for  review 
two  subjects,  which  possibly  are  somewhat  fresher  than  the  others  and 
which  are  commanding  considerable  attention  at  present.  We  will  con- 
sider first  the  phenomenon  known  variously  as  complement  deflection, 
complement  deviation,  complement  diversion  or  blocking  of  complement, 
and  second.  Bail's  aggressin  hypothesis  of  infection  and  immunity. 

I.    DEFLECTION   OF   COMPLEMENT. 

Early  in  the  course  of  Borders (3)  and  Ehrlich's(8)  studies  on  the 
mechanism  of  haemolysis,  it  was  found  to  be  possible  to  prevent  by  certain 
fairly  definite  procedures  the  union  of  complement  with  red  corpuscles 
previously  laden  with  immune  body.  The  bearing  of  this  phenomenon 
upon  the  receptor  theory  and  its  value  as  a  demonstration  of  the  receptor 
explanation  of  haemolysis  was  discussed,  and  for  the  sake  of  simplicity 
the  property  possessed  by  a  fluid  of  blocking  the  action  of  complement 
was  attributed  to  a  hypothetical  substance  termed  '^anti-complement." 
Subsequently,  what  appeared  to  be  another  type  of  the  blocking  occurring 
during  bacteriolysis,  was  described  by  Neisser  and  Wechsberg(29). 

We  must  remember  that  it  never  has  been  possible  to  obtain  comple- 
ment pure,  and  that  it  is  defined  only  in  part,  the  definition  at  present 
demanding  (a)  that  complement  shall  be  capable  of  uniting  with  at- 
tached amboceptors  by  the  hypothetical  haptophore  group,  and  (b)  that 
it  shall,  either  by  its  own  inherent  energ};,  or  by  its  mere  presence,  bring 
about  destructive  changes  in  the  body  to  which  it  unites  (re<l  corpuscles, 
l)acterium,  etc.).     These  changes  are  tentatively  described  as  being  of 

'  RpRd  at  the  Fourth  AnnnnI  Mo<»tinjf  of  tho  Philippine  IsIamlR  Mcnlicfll  Aaao- 
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a  fermentative  or  enzyme-like  nature.  The  instability  of  complement 
is  a  more  or  less  pennanwit  characteristic,  and  equally  characteristic  are 
the  facts  that  complement  is  normally  present  in  varying  amount  in 
fresh  serum,  and  that  the  quantity  can  not  be  influenced  by  the  usual 
processes  of  immunization,  provided  the  health  of  the  animal  remains 
unimpaired.  If  either  of  the  first  two  characteristics  fails,  we  have  at 
present  no  means  at  our  disposal  of  recognizing  complement.  A  numl)er 
of  convincing  arguments  have  l)een  brought  forward  to  prove  that  there 
are  different  complements  in  different  serums,  and  also  that  any  one 
specimen  of  serum  contains  a  number  of  complements,  although  other 
observers  claim  that  all  forms  of  complement  action  are  due  to  a  single 
substance  or  form  of  energy  in  the  serum.  Whether  complement  lias 
other  actions  we  do  not  know,  nor  whether  it  is  capable  of  uniting  with  a 
variety  of  other  substances.  Similarly,  we  do  not  know  anything  of  anti- 
complement  except  the  one  fact  that  it  prevents  the  action  of  complement. 
Whether  a  varietv  of  substances  or  conditions  could  })e  the  cause  of  such 
an  inhibition  was  not  determined  at  the  time  that  anti-complements  were 
first  considered.  Bordet(4)  claims  that  specific  anti-complements  can  be 
produced,  the  action  of  which  is  different  from  that  occurring  in  comple- 
ment deflection,  and  Marshall  and  Morgenroth(20)  found  it  possible  with 
a  nonspecific  anti-complement  to  block  out  certain  definite  complement 
activities  from  a  serum  without  interfering  with  its  other  complement 
actions.  On  the  other  hand  Pfeiffer  and  his  colleagues  (10:30)  claim 
that  the  phenomenon  of  complement  deflection  explains  reactions  hitherto  ^z-^  zM-  tc 
accounted  for  a*s  the  result  of  anti-amboceptor  action. 

The  phenomenon  of  complement  deflection  was  first  described  in  1901 
by  Bordet  and  Gengou(r))  who  found  that  haemolysis  was  no  longer 
dueed  in  properly  prepared  corpuscles  if  the  complement-containing^^^^  ^^'^g 
fresh  serum  was  previously  added  to  a  mixture  of  bacterial  emulsion  andFz:^  -Mnd 
specific  anti-bacterial  serum. 

In  1905,  Gay  (11,  12,  13),  in  Borders  laboratory,  discussed  this  phe- -=^i:^  e- 
nomenon,  and  concluded  that  the  complement  was  removed  by  tha^  -^r^-ne 
union  of  specific  precipitin  with  precipitable  substance.  He  found,  a 
Sachs (32)  did  also,  that  the  immune  body  was  not  affected  in  thi 
reaction,  only  the  complement  being  removed.  He  attributed  the  wel 
known  Neisser-Wechsberg  phenomenon  of  deflection  and  the  antilyti 
action  of  normal  serum  described  by  Pfeiffer  and  Friedberger,  and  tl 
anti-complementary  action  of  normal  serum  described  by  Sachs,  to  tl 
same  plienoinenon  of  precipitation.  He  holds  that  the  above-mention^^^ 
investigators  overlookecl  minute  traces  of  precipitable  substance  whic 
remained  attaclied  to  the  corpuscles,  etc.,  after  one  washing  with 
solution,  and  which  could  be  removed  only  by  repeated  washings. 

Moreselii(22,  23),  working  independently  of  Gengou  and  Gay, 
tained  similar  results.     His  experiment's  led  him  to  conclude  that 
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ideas  of  complement  must  be  revised  extensively,  both  Ehrlich's  and 
Borders  hypotheses  failing  to  account  for  the  conditions  which  he  met 
with.  Pfeiffer  and  Moreschi(30)  and  Friedberger  and  he(lO)  sup- 
posed that  the  disappearance  of  complement  was  in  some  way  brought 
about  by  the  union  of  precipitin  and  precipitable  substance  and  varied 
with  the  amount  of  precipitation.  They  found  that  deflection  occurs 
not  only  in  intro  but  also  in  vivo.  Tliey  concluded  that  the  phenomena 
formerly  explained  as  depending  upon  the  action  of  anti -complements 
and  anti-amboceptors  are  actually  due  to  complement  deflection. 

Sachs (32),  replying  in  1905  to  Gay,  worked  over  some  experiments 
of  Pfeiffer  and  Friedberger  and  concluded  that  the  phenomenon  of 
deflection  is  not  due  to  precipitation,  but  is  a  function  of  the  union  of 
amboceptor  with  its  corresponding  anti-genetic  substance.  The  deflec- 
tion occurs  even  when  no  precipitate  is  formed  and  varies  independently 
of  the  amount  of  precipitate,  a  result  also  obtained  by  Klein  (17).  Was- 
sermann  and  Bruck(35)  also  point  out  that  old  bacterial  extracts  no 
longer  precipitate,  but  still  deflect  and  that  the  same  holds  true  of  tuber- 
culin and  anti-tuberculin.  The  Xeisser-Wechsberg  studies  and  one  by 
Lipstein  also  supports  Sachs's  contention. 

From  the  first,  the  phenomenon  of  deflection  has  been  used  in  prac- 
tical diagnosis.  Bordet  and  Gengou  elaborated  a  delicate  tt*st  for  the 
demonstration  of  anti-bodies  specific  for  various  bacteria.  Subsequently, 
in  1902,  Gengou (15)  widened  the  application  of  this  method,  making 
it  available  for  the  determination  of  the  presence  of  anti-bodies  for  the 
most  diverse  albuminoid  solutions,  such  as  milk,  egg,  etc.  Neisser  and 
Sachs (26,  27)  employed  the  test  for  recognizing  not  the  anti-body  but 
the  antigen,  using  their  technique  with  special  success  in  detecting 
minute  traces  of  blood,  and  being  able  from  these  traces  to  determine 
the  species  from  which  the  blood  was  derived.  They  advise  the  adop- 
tion of  the  method  in  forensic  medicine,  to  supplement  the  precipitin 
test,  and  make  mention  of  three  cases  in  which  they  employed  it.  The 
advantages  of  the  deflection  method  are:  First,  that  it  acts  as  a  control 
for  the  precipitin  method  ;  second,  that  haemolysis  is  a  much  more  definite 
index  than  minute  precipitation;  third,  that  an  opalescent  serum  is 
available  for  use;  fourth,  that  it  is  not  necessary  to  have  such  high 
potency  serum  as  is  needed  in  the  precipitin  test  and  that  it  is  not 
necessary  to  wait  for  the  clearing  of  the  serum,  which  is  so  tedious  in 
the  older  test. 

During  the  course  of  1905  and  190(),  Wasserinann  and  his  co-workers 
have  given  a  new  ay)plication  to  this  technique.  Tliey  found  that  dis- 
solved bacterial  substances  could  be  detwted  as  readily  as  bacterial  emul- 
sion  (Med.  Klin.  ^05),  and  they  were  able  to  demonstrate  minute  traces 
of  bacterial  substance  in  blood  derived  from  individuals  suffering  from 
various  infections.     By  modifying  the  technique  they  were  also  able  to 
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recognize  the  early  stages  of  reaction  by  proving  the  presence  of  minute 
traces  of  sohible  anti-bacterial  substances  in  diseased  tissues.  They  then 
went  one  step  further  and  made  a  novel  application  of  this  principle, 
ai)plying  it  in  the  detection  of  minute  traces  of  even  unknown  infectious 
agents  in  the  infected  body. 

They   perform    the   experiment    in   testing   for   anti-tuberculin    and 
tuberculin  in  organs  as  follows: 

A  specific  haemolytic  serum  is  first  obtained  and  this  is  used  with  the 
corresponding  anti-genetic  blood  corpuscles  as  an  indicator  of  deflection 
of  complement;  for,  if  a  s])ecific  serum  and  the  corresponding  red  cor- 
puscles are  brought  together  and  fresh  serum  is  added,  haemolysis  occurs 
if  the  fresh  serum  contains  free  complement,  it  does  not  occur  if  no 
free  complement  is  present.  Haemolysis  is  therefore  the  index  of 
whether  or  not  free  complement  is  present  in  the  fresh  serum.  If  a 
fresh  serum  which  has  been  shown  to  contain  complement  loses  its  com- 
plementary' action  upon  being  treated  with  a  mixture  of  tuberculin  and 
anti-tuberculin,  the  complement  is  said  to  be  deflected,  provided  suitable 
controls  indicate  that  its  disappearance  is  directly  due  to  the  union 
occurring  between  tuberculin  and  anti-tuberculin,  and  is  not  due  to 
the  tuberculin  alone,  to  the  anti-tuberculin  alone,  or  to  any  other  agent 
involved  in  the  experiment. 

Tt  having  been  established  that  the  union  of  tuberculin  and  anti-tuber- 
culin deflects  complement,  any  given  tissue  extract  is  tested  for  its 
content  in  tubercidin  by  noting  whether  the  suspected  extracir  and  a 
stock  preparation  of  anti-tuberculin  will  block  the  action  of  a  serum 
known  to  contain  active  complement.  On  the  other  hand,  a  given  tissue 
extract  is  test^l  for  its  content  of  anti-tuberculin  by  bringing  together 
a  stock  preparation  of  tuberculin,  the  suspected  extract  and  the  com- 
plementary serum,  and  afterwards  testing  for  haemolysis. 

The  technique  of  the  experiment  i«  elaborate,  a  large  number  of  controls  are 
required  and  the  test  tul)e8  nnist  be  scrupulously  cleaned.  The  orji^ns  to  be 
tested  for  tuberculin  are  removed  under  aseptic  precautions  and  ground  in  a  mortar 
with  normal  salt  solution  containing  0.5  per  cent  of  carbolic  acid.  Five  cubic 
centimeters  of  normal  salt  per  1  gram  of  organ  are  employed.  The  mixture  is 
shaken  in  a  machine  for  twenty-four  liours  at  room  temperature,  centrifugal ized 
clear  of  particles  and  the  supernatant  fluid  drawn  off  and  tested  by  mixing  vary- 
ing amounts  with  anti-tuberculin  and  fresh  guinea  pig  serum.  These  three  are 
brought  together  in  a  test  tube  and  kept  for  one  hour  at  37**  C.  Finally,  the 
mixture  is  added  to  test  tubes  containing  1  cubic  centimeter  of  a  5  per  cent 
suspension  of  serum-free  sheep's  corpuscles  and  twice  the  dissolving  dose  of  in- 
activated rabbit's  serum  specifically  lijemolytic  for  sheep's  corpuscles.  The  volume 
of  fluid  in  each  tul)e  is  brought  to  5  centimeters  of  salt  solution.  The  test  tubes 
are  placed  in  tlie  therniostnt  at  37°  C.  for  two  hours,  are  kept  on  ice  over  night, 
and  in  the  morning  are  examined  to  determine  the  extent  of  hu^molvsis  which  thev 
may  exhibit. 
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The  technique  in  testing  organ  extracts  for  anti-tuberculin  is  the  same, 
except  that  fixed  quantities  of  a  stock  preparation  of  tuberculin  and  of 
complement  are  used  with  varying  quantities  of  organ  extract. 

The  following  controls  must  accompany  every  test : 

1.  The  organ  extracts  must  be  free  from  tissue  particles,  as  these 
alone  may  bind  complement. 

2.  The  deflecting  power  of  organ  extracts  alone  and  of  tuberculin 
alone  must  be  determined  in  the  test  for  anti-tuberculin,  and  that  of 
organ  extract  alone  and  of  anti-tuberculin  alone  in  the  test  for  tuber- 
culin. Occasionally,  one  of  these  substances  exhibits  a  certain  power 
of  deflection. 

3.  The  extract  to  be  tested  must  be  added  to  the  sheep  corpuscle-serum 
mixture  to  determine  whether  it  alone  effects  haemolysis. 

4.  A  complete  parallel  series  must  be  made  at  the  same  time,  using 
nontuberculous  organs  from  the  species  to  which  the  test  animal  belongs. 

5.  The  controls  usual  in  every  haemolytic  experiment  must,  of  course, 
be  set  also — ^that  is,  sheep's  corpuscles  and  salt  solution ;  corpuscles  and 
amboceptor;  corpuscles  and  complement  alone. 

The  hsemolytic  dose  of  the  specific  rabbit's  serum  is  determined  in 
preliminary  tests  and  likewise  that  of  the  complement  serum.  About 
twice  the  hsemolytic  dose  of  amboceptor  and  the  single  dose  of  comple- 
ment are  employed  in  the  experiment.* 

Xeisser  and  Sachs (28)  state  that  deflection  by  serum  and  anti-serum 
fails  if  the  anti-serum  is  first  boiled,  and  they  include  9  control  with  boiled 
anti-body  in  their  forensic  test.  They  also  state  that  there  is  an  optimum 
amount  of  the  anti-serum  causing  deflection  when  added  to  complement 
and  the  suspended  blood  specimens.  This  amount  is  determined  at  a 
preliminary  test  in  which  varying  amounts  of  anti-serum  are  employed 
with  a  fixed  amount  of  complement,  and  a  fixed  amount  (0.0001  cubic 
centimeter)  of  the  test  blood  preparation.  At  first  they  recommended 
the  employment  of  normal  rabbit  serum  with  sheep's  corpuscles  as  the 
hsemolytic  indicator,  but  later  they  advised  the  use  of  a  specific  serum 
with  sheep's  corpuscles. 

The  application  of  the  deflection  method  by  Wasscrmann  and  Bruck 
(35)  to  the  study  of  tuberculosis  apparently  sheds  light  upon  the  bac- 
terial and  anti-bacterial  reactions  occurring  in  tuberculous  individuals. 
In  tuberculous  organs  and  in  the  sera  of  aninials  treatwl  with  tuberculin, 
anti-tuberculin  was  demonstrated,  while  it  was  absc^nt  from  the  sera  of 
thirteen  patients  at  different  stages  of  phthisis.  They  succeeded  in  de- 
monstrating tuberculin  also  in  the  diseased  of  gam?.  As  the  aniti-tuberculin 
receptors  are  elaborated  at  the  tuberculous  focus,  and  as  they  usually 

•  For  a  clear  description  of  the  technique  and  of  the  controls  necessary,  see 
Wassermaim  and  Bruck,  Munchefi.  med.  Wchnachr.  (1900),  p.  2396,  and  Morgen- 
roth  and  Stertz,  Virchotc*8  Archiv,  (1907),  188,  p.  166. 


348  MARSHALU 

remain  sessile  for  a  longer  or  shorter  time,  especially  in  human  beings, 
it  results  that  if  a  tuberculous  patient  receives  an  inoculation  of  tuber- 
culin, nearly  all  of  the  substance  becomes  attached  in  the  diseased  focus, 
the  tuberculin  being  concentrated  from  the  plasma  by  the  fixed  anti- 
tuberculin,  instead  of  being  allowed  to  diffuse  itself  throughout  the  body 
fluids.  The  result  of  this  concentration  is  that  even  a  minute  trace  of 
tuberculin  will  produce  the  well-known  tuberculin  reaction. 

A  person  inoculated  with  tuberculin  will  produce  anti-tuberculin 
and  eventually  set  it  free,  and  possibly  patients  having  had  localized 
tuberculosis  for  a  long  time  may  also  liberate  anti-tuberculin  into  the 
circulation,  although  thirteen  cases  were  negative.  This  circulating  anti- 
tuberculin  prevents  the  action  of  a  subsequently  inoculated  dose  of 
tuberculin.  This  fact  accounts  for  the  uncertainty  of  the  tuberculin 
reaction  in  the  more  chronic  cases  of  tuberculosis. 

The  amount  of  circulating  tuberculin  varies  in  individuals  and  in 
species.  It  was  easiest  to  obtain  an  anti-tubercidin  serum  from  cattle, 
next  from  guinea  pigs,  and  most  difficult  to  obtain  it  from  human  beings. 
Wassermann  and  Bruck  claim  that  tuberculous  cattle  intended  for 
importation  into  Germany  are  previously  inoculated  with  tuberculin  so 
that  thev  will  not  react  to  the  official  tuberculin  test. 

Bruck (6)  was  able  to  demonstrate  the  tuberculin  in  the  circulation 
five  days  after  the  onset  of  severe  symptoms,  during  the  course  of  acute 
general  milian-  tuberculosis,  and  again  on  the  eighth  day.  On  the 
twelfth  the  circulating  tuberculin  had  disappeared  and  the  serum  con- 
tained anti-tuberculin,  the  patient^s  condition  at  the  same  time  being 
improved.  Finally,  shortly  before  death,  the  anti-tuberculin  disappeared 
and  tuberculin  was  again  demonstrable. 

Bruck  found  the  deflection  test  equally  satisfactory  in  the  diagnosis 
of  pleural  exudates,  of  the  spinal  fluid  in  meningococus  infection,  of 
serum  from  typhoid  fever  patients,  and  in  gonococcus  infections (7). 
He  states  that  Bockenheimer  and  Ticxer  could  diagnose  streptococcus 
sepsis  and  erysipelas  by  this  method.  A  further  study  of  meningococ- 
cus infection  and  immunity  was  made  along  these  lines  by  KoUe  and 
Wassermann  (18).  Miiller  and  Oppenheim(21)  also  applied  this  test 
successfully  in  gonorrhoeal  arthritis,  Koch  and  Bruck  in  meningitis,  and 
Eitner(9)  in  diagnosing  leprosy.^  Finally,  Wassermann,  A.  Neisaer, 
and  Bruck  (3())  obtained  a  serum  from  monkeys  immunized  with  syphi- 
litic nuiterial  and  were  able  to  obtain  the  specific  deflection  reaction  with 
fresh  extracts  from  syphilitic  tissue,  whereas  the  reaction  was  absent 
when  fresh  extracts  of  norifial  organs  were  employed.     This  result  was 

'Salomon,  Wim.  med.  Wchmch.  (1907),  75,  121,  found  the  method  of  no  value 
in  the  diagnosis  of  cancer. 
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confimied  later (25) — from  70  to  75.5  per  cent  of  163  cases  giving  a  posi- 
tive result  either  for  syphilitic  virus  or  for  anti-syphilitic  reaction 
product.  They  could  demonstrate^  the  virus  in  the  blood  of  patients 
taking  mercury.  The  anti-bodies  were  particularly  abundant  in  the  spinal 
fluid.  Wasserniann  and  Plant (37)  employed  this  last  fact  in  the  inves- 
tigations of  various  paralyses.  They  found  that  the  sj>inal  fluid  from  a 
certain  number  of  paralytics  contained  anti-syphilitic  material  which 
acted  with  fresh  extracts  of  syphilitic  organs  to  deflect  complement.  In 
some  cases  the  spinal  fluid  of  a  paralytic  had  slightly  greater  deflecting 
action  than  his  serum.*  Wassermann(34)  notc*s  further  that  the  test  is 
available  for  the  diagnosis  of  })rotozoon  infections. 

The  results  obtained  by  Wassermann  and  his  colleagues  with  this 
method  are  certainly  extremely  interesting,  in  fact,  almost  startling,  but 
the  work  in  other  laboratori(»s  has  not  yet  given  that  confirmation  to  the 
claims  of  Wassermann  which  justifies  us  in  accepting  them  unreservedly. 
The  criticisms  have  to  deal  with  the  mechanism  of  the  phenomenon  on 
the  one  hand,  and  on  the  other,  with  its  practical  value  in  diagnosis. 
Furthermore,  the  application  of  this  method  in  each  particular  infection 
raises  a  certain  number  of  special  questions. 

The  two  principal  hypotheses  to  exj)lain  the  deflection  have  been  out- 
lined above.     Weil  and  Nakayama,  Axamit(l)  and  F.  Mayer  (quoted  by 
Banzi(31))   object  to  the  test  in  iota,  claiming  that  deflection  can  be 
produced  by  mixing  a  complement  serum  with  bacterial  extracts  alone 
without  any  anti-bacterial  serum;  Weichardt(38)    adds  that  deflection 
can  be  produced  by  electrolysis  and  by  heat,  and  TJhlenhuth(33)  found 
that  disappearance  of  complement  can  be  brought  about  by  diverse  sub- 
stances   producing    mechanical    precipitation,    while    Landsteiner    and 
Stankovic(19)   obtained  similar  results  with  colloidal  suspensions.     It 
has  been  observed  that  albuminous  solutions  in  general  absorb  comple- 
ment, in  amounts  proportional  to  the  quantity  of  albumin.     Wassermann 
and  Plant  recently  remarked  upon  the  unaccountable  and  rapid  altera- 
tions in  deflecting  power  occurring  in  the  extracts  ready   for  use  in 
the  experiment  and  uj)on  the  differences  between  various  extracts,  sug- 
gesting that  these  differences  and   the  sediment   gradully    forming   in 
€:?ven  the  clearest  extracts  are  autolytic  in  origin.     They  s})eak  also  of  the 
:^eed  of  determining  that  the  total  amount  of  albumin  in  the  various 
mnixtures  is  not  sufficient  to  defltvt  comi)lemcnt,  and  they  suggest  that 
^jnlv  extracts  be  used   which    in   0.1   cubic  centimeter  (lost*s,  cause  no 
^leflection. 

More8chi(24)  has  recently  concluded  that  the  tt^t  is  not  sufficiently 

*  Recently  the  value  of  this  method  in  diagnosis  of  syphilis  has  been  confirmed 
1)y  A.  Sehutze,  Bcrl.  Klin.  Wchnach,  ( 1907),  126,  and  by  Marie  and  Levaditi,  Ann. 
^e  rinat.  Pasteur  (1907),  XXI,  138. 
67712 2 
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delicate  for  the  diagnosis  of  typhoid  bacilli,  as  the  bacilli  alone  are  apt 
to  cause  deflection.'^ 

Furthermore,  it  has  been  claimed  by  Ganghofner  and  Tjangner(14) 
that  deflection  varies  according  to  the  amount  and  concentration  of  the 
ingredients  and  that  an  excess  of  hemolytic  amboceptor  and  of  com- 
plement destroys  the  results.  The  same  writers,  although  they  find  the 
reaction  a  very  sensitive  one,  conclude  that  it  is  not  adapted  to  the 
purposes  of  clinical  diagnosis  owing  to  the  many  uncertainties  inherent 
in  such  a  complicated  procedure. 

Gengou(16)  tested  the  value  of  the  phenomenon  as  a  means  of  diag- 
nosing tubercle  bacillus,  using  a  dozen  different  acid-fast  bacilli  for  com- 
parison. He  concluded  that  there  was  nothing  specific  about  the  reac- 
tion, and  found  that  serum  from  an  animal  immunized  against  one  acid- 
fast  bacillus  gave  the  defiection  test  when  employed  with  other  species 
of  acid-fast  bacilli. 

Neisser  and  Sachs  (28),  replying  to  TJhlenhuth^s  objections  to  their 
forensic  test  for  human  blood,  emphasize  clearly  the  necessity  of  numer- 
ous controls  as  a  basis  for  judging  the  results  obtained  by  this  method 
and  they  show  that  Uhlenhuth  neglected  one  control,  namely,  the  testing 
of  the  deflecting  power  of  the  boiled  specimen.  They  say  that  it  remains 
for  experience  to  demonstrate  whether  there  are  nonspecific  deflections 
which  will  make  the  test  valueless.  The  negative  results  of  Uhlenhuth, 
and  of  Gengou  are  possibly  due  to  incompleteness  in  their  technical 
arrangements,  especially  to  the  incompleteness  of  the  controls,  and  these 
results  must  be  confirmed  before  they  can  be  accepted. 

If  we  summarize  this  work  we  may*  say  that  the  general  results  form 
an  addition  to  our  knowledge  of  the  mechanism  of  anti-body  reaction, 
although   the   mechanism   of  deflection   itself  remains   obscure.     What 
relation  this  reaction  bears  to  specific  anti-complement  action  or  to  the 
absorption  of  complement  by  any  albuminous  serum,  or  to  mechanical 
precipitation   is  not   clear.     Before  pronouncing  final  judgment  upon 
the  results  described  in  this  review,  we  must  await  the  work  of  others 
in  this  field,  for  the  number  of  factors  entering  into  each  experiment 
increases  the  chances  of  error  in  technique  and  in  judgment  to  an  extents 
that  can  only  be  controlled  by  an  abundance  of  evidence.     This  is  par- 
ticularly true  of  the  class  of  experiments  in  which  the  serum  is  obtainecl 
from  animals  immunized  by  inoculation  with  infected  organs,  for  her^ 
tlie  amount  of  infecting  material  must  be  slight  compared  to  that  o^ 
organ  material  inoculated,  and  therefore  there  is  great  danger  lest  th.^ 

"^Leiichs,   J.:   lierl.    klin.   Wchnsch.    (1907)    44,    68   and    107,  has   replied 
Moreschi's   criticism    and   contends   that   the   deflection    method   is   exo^ttontl! 
accurate,  delicate  and  si)ecific  in  diagnosing  typhoid  fever  from  other  bacteria 
as  paratyphoid. 
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organ-antibodies  obscure  the  phenomenon  due  to  any  existing  infection- 
antibodies.  Of  course  any  experimental  evidence,  either  for  or  against, 
must  be  reenforccd  with  all  of  the  numerous  controls  demanded,  or  must 
prove  the  uselessness  of  these  controls. 

It  is  quite  possible  that  these  studies  will  throw  some  light  upon  the 
nature  of  complement.  The  use  of  the  method  outlined  above  for  ordi- 
nary clinical  diagnosis  is  evidently  out  of  the  question  at  the  present  time 
because  of  the  special  training  required,  but  if  the  results  above  described 
are  confirmed,  it  may  well  furnish  a  means  for  aiding  in  the  discovery 
of  yet  unknown  infectious  agents,  and  in  diagnosis,  when  employed  by 
suitably  trained  specialists. 

Finally,  we  may  refer  once  more  ^o  the  interesting  results  obtained  by 
applying  this  method  to  the  study  of  the  pathologic  physiology  of  tuber- 
culosis and  of  syphilis. 

That  the  technique  is  a  difficult  and  complicated  one  has  been  pointed 
out  with  sufficient  emphasis.  It  remains  to  investigate  critically  the 
constancy  and  accuracy  of  the  method  and  to  remove  or  mitigate  sources 
of  error. 

In  concluding  I  wish  to  refer  to  one  other  suggestion  made  by  Was- 
sermann  and  Bruck(35)  to  the  effect  that  the  softening  occurring  in  a 
tuberculous  focus  is  brought  about  by  the  enz^^me-like  action  of  comple- 
ment which  is  bound  in  the  diseased  tissues  by  the  recurring  union  of 
tuberculin  and  anti-tuberculin.  They  think  that  the  complement  comes 
from  both  the  broken  down  leucocytes  and  from  the  infiltrating  small 
round  cells.  They  attribute  the  fever  partly  to  a  nonspecific  effect  such 
as  follows  the  injection  of  any  bacterial  preparation  and  partly  to  the 
specific  action  upon  the  tuberculous  tissue  of  material  derived  from  the 
bacilli.  However,  another  possibility  suggests  itself.  We  know  that 
complement  is  blocked  in  the  union  of  tuberculin  and  anti-tuberculin, 
and  on  the  other  hand  we  must  suppose  that  complement  has  some 
definite  function  to  perform  in  the  healthy  body,  probably  some  function 
having  to  do  with  metabolism.  Now  it  seems  reasonable  to  suppose  that 
the  removal  of  complement  in  normal  function  must  upset  the  physio- 
logical processes  occurring  in  the  body.  This  may  well  be  true  even 
when  the  binding  of  complement  occurs  locally  as  in  an  isolated  tuber- 
culous focus,  but  in  the  reaction  to  a  general  infection,  when  bacterial 
substance  and  anti-substance  are  being  bound  in  widely  scattercnl  parts 
of  the  body,  or  in  the  circulation,  an  enormous  amount  of  complement 
may  be  blocked.  It  will  be  important  to  determine  how  much  com- 
plement is  so  blocked  during  infections,  whether  definite  complements 
are  blocked  by  certain  bacteria  and  whether  there  is  any  relation  between 
the  symptoms  and  the  loss  of  complement. 

It  was  recently  found  by  Pfeiffer(dO),  that  the  loss  of  available  com- 
plement in  the  living  body  iiiterfew»a  wi*H  bacteriolysis. 
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II.    THE   AGORES8IN    HYPOTHESIS. 

Bail's  studies  in  infection  and  ininnmitv  convinced  him  that  baeterio- 
lysis  has  little  or  nothing  to  do  with  true  immunity  against  disease  and 
that  Ehrlich  and  his  school  have  followed  the  wrong  clue.  He  brings 
forward  the  following  facts  in  support  of  this  contention: 

(a)  A  rabbit  is  susceptible  to  anthrax,  although  its  serum  is  lytic  for 
the  germ,  while  the  naturally  immune  fowl  has  a  serum  which  is  not 
lytic.' 

(b)  In  rabbits  immunize<l  against  anthrax,  and  in  those  passively 
immunized,  there  is  no  bacteriolvtic  power.  Bacteria  disappear  grad- 
ually as  the  result  of  the  phagocytic  ^action  of  cells,  chiefly  marrow  cells, 
but  do  not  disappear  suddenly  because  of  lysis. 

Sobemheim  found  that  animals  upon  which  he  conferred  a  high 
immunity  against  anthrax  exhibited  no  agglutinating  action  and  no 
lytic  action,  whereas  his  guinea  pigs,  immunized  with  the  anthrax 
bacilli  which  had  been  grown  at  high  temperatures  or  killed,  exhibited 
no  true  immunitv,  but  a  rich  content  in  immune  bodies,  the  richest 
anti-body  serums,  however,  affording  no  true  immunity.  Bail  found 
similar  but  not  identical,  relations  to  hold  with  typhoid. 

(c)  A  comparison  of  the  sera  of  sheep,  rabbits  and  cattle  shows 
great  variations  in  the  amount  of  immune  bodies  contained,  while  these 
animals  are  nearly  equally  susceptible  to  anthrax. 

(d)  Tn  test-tube  experiments,  a  bacteriolytic  serum  is  blocked  w^hen 
the  conditions  are  approximated  to  those  in  the  body  by  adding  body 
cells  to  the  fluid. 

(e)  Evidence  is  furnished  (Hoke)  that  what  has  been  said  of  anthrax 
holds  for  other  organisms. 

(f)  Bail  concluded  from  his  studies  that  animals  which  survive  the 
Pfoiffer  tost  owe  their  lives  not  to  bacteriolysis,  but  to  active  phagocytosis. 
He  considers  that  the  virulence  of  bacteria  depends  not  upon  toxin  pro- 
duction, but  upon  the  power  of  the  bacteria  to  multiply  in  the  infected 
bcnlv.  He  shows  that  after  intravenous  inoculations  of  animals,  one 
with  anthrax,  the  other  with  hav  bacillus,  the  earlv  reactions  are  the 
same  in  the  two  animals,  the  difference  appearing  only  ^hen  anthrax 
begins  to  multiply,  and  even  very  shortly  before  death  the  organs  of  the 
anthrax  animal  are  sterile. 

J^o  then  seeks  to  explain  the  fact  that  a  very  small  number  of  patho- 
genic bacteria  may  manage  to  obtain  a  foothold  in  the  infected  body  and 
survive  the  attacks  of  the  agencies  protecting  their  host.  He  assumes 
tliat  the  protective  body-forces  are  interfered  with  in  some  way,  at  first 

"  For  other  examples  of  tliis  condition  s(»e  Deutsch  and  Feistinantel. 
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locally  and  then  generally,  by  certain  obscure,  hypothetical  substances 
which  he  calls  "aggressins/^ 

He  states  that  these  substances,  which  he  occasionally  refers  to  .as 
simple  manifestations  of  energy-,  are  minute  particles  "of  a  special  kind" 
thrown  off  or  secreted  by  living,  uninjured  bacteria.  These  particles  do 
not  come  from  solution  of  the  bacteria,  nor  are  they  extracts  of  bacteria; 
they  are  thrown  off  as  the  result  of  irritation,  which,  he  claims,  is  a 
very  different  process.  He  emphasizes  particularly  and  repeatedly  the 
importance  of  having  living  and  uninjured  bacteria  in  order  to  obtain 
aggressins.  The  aggressins  are  capable  of  promoting  infection ;  they  may 
be  preformed  in  the  bacterium,  but  they  are  active  only  in  the  infected 
body.  They  are  contained  in  the  infectious  exudates,  such  as  serous 
exudates  and  inflammatory  oedemas,  and  may  be  recovered  by  centrif- 
ugalization  and  ^erilization  at  low  temperature,  being  found  then  in 
the  fluid  part  of  the  exudate.  The  substances  are  different  from  any- 
thing hitherto  recognize<l,  and  their  peculiarities  are  that  they  promote 
the  development  of  an  infection,  and  that  they  interfere  with  the  action 
of  the  protective  body-forces  of  the  infected  host,  particularly,  if  not 
solely  by  inhibiting  phagocytosis. 

The  properties  of  aggressin  may  be  grouped  together  as  follows: 

1.  Sterilized  aggressin  added  to  nonlethal  doses  of  the  corresponding  bacillus 
makes  these  doses  fatal.  Thus  sterilized  typhoid  aggressin  added  to  a  nonfatal 
do6e  of  typhoid  bacilli  and  inoculated;  causes  death.  This  action  is  apparently 
a  stimulation  of  the  bacteria  so  that  they  produce  toxins.  Apparently  he  does 
not  distinguish  between  promotion  of  infection  due  to  stimulation  of  the  bacteria, 
and  that  due  to  inhibition  of  the  protective  mechanism  of  the  host. 

2.  Fatal  doses  of  bacteria  act  more  severely  and  acutely  upon  the  addition  of  ag- 
gressin. 

3.  Inoculations  of  aggressins  into  the  peritoneal  cavity  suspend  the  action  of  a 
bacteriolytic  serum  introduced  at  the  same  time. 

4.  Inoculations  of  aggressin  confer  inmiunity  which  is  entirely  different  from 
bactericidal  immunity. 

5.  Heating  for  one-half  hour  to  a  temperature  between  .55°  and  G0°  destroys 
aggressin,  sterilization  with  chloroform,  toluol,  or  dilute  carbolic  acid  weakens  it, 
and  the  centrifugated  aggressin  exudate  is  to  l)e  st<»rilized  by  heating  to  44°  in 
order  to  preserve  it  for  future  use. 

6.  Injections  of  aggressin  alone  are  only  slowly  poisonoiLs,  and  never  acutely 
fatal. 

7.  A  fatal  dose  produces  a  prolonged  illnews,  with  emaciation  preceding  death. 

8.  Not  all  exudates  cont^iin  aggressin,  and  it  varies  considerably  in  quantity  in 
different  exudates,  which  otherwise  appear  identical. 

9.  The  aggressin  is  usually  most  abundant  in  exudates  which  are  rich  in  cells. 

10.  Aggressins  vary  according  to  their  age  and  mode  of  production,  and  it  is 
possible,  by  means  of  serial  inoculations,  to  increase  the  aggressive  action  of  suc- 
cessive exudates  very  considerably,  although  a  point  is  finally  reached  at  which 
the  series  may  suddenly  terminate. 

11.  Aggressins  with  bacteria  block  phagocytosis — that  is,  they  are  negatively 
chemiotactic — but  aggressins  alone  act  very  slightly. 
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Basing  his  classification  upon  the  power  to  produce  aggressins,  Bail 
divided  bacteria  into: 

(a)  True  parasites  which  always  produce  aggressins;  (b)  half  para- 
sita»5,  the  aggressin  power  of  which  is  very  variable;  (c)  saprophytes. 

The  body  may  develop  bactericidal  immunity  against  the  half  para- 
sites, but  not  against  true  parasites.  As  typc^  of  true  parasites,  he  gives 
anthrax  and  chicken  cholera,  germs  the  aggressive  action  of  which  is 
unfailing.  Artificial  extracts  of  these  germs  have  no  aggressive  action. 
Most  epidemic  diseases  are  produced  by  half  parasites,  as  types  of  which 
he  gives  typhoid,  cholera,  dysenter}%  and  plague.  The  toxicity  of  the 
half  parasites  is  often  extremely  high. 

The  toxicity  of  a  germ  has  nothing  to  do  with  aggressivity,  and  ex- 
tremely toxic  bacteria  may  be  half  parasites :  the  class  depends  upon  the 
capacity  of  the  germ  "to  infect  under  all  conditions  the  susceptible  living 
creature  from  its  own  natural  habitat;  that  is,  the  animal  that  has  suc- 
cumbed." True  parasites  readily  furnish  an  immunity  by  the  aggressin 
method,  but  their  extracts  do  not  even  confer  a  heightened  resistance. 
Half  parasites  vary  in  their  power  to  produce  aggressins  and  to  confer 
an  anti-aggressive  immunity. 

There  have  been  numerous  objections  to  the  claims  made  by  Bail,  and 
a  series  of  articles  has  been  published  on  this  subject  from  different 
laboratories  while  Bail  and  his  pupils  have  undertaken  to  support  and 
strengthen  the  "aggressin  doctrine"  as  Bail  names  his  hypothesis.  Pfeif- 
fer  and  Friedl)erger(8)  have  shown  that  BaiFs  attempt  to  explain  the 
blocking  of  the  bacteriolytic  action  of  a  serum  as  due  to  aggressins  is 
not  tenable. 

Wassermann  and  Citron  (11)  dispute  Bail's  claim  that  he  is  dealing 
with  a  new  substance  never  before  found  outside  of  the  infected  bodv. 
They  obtained  aggressins  (a)  by  growing  bacteria  in  sterile  exudates 
in  test  tubes;  (b)  by  growing  bacteria  in  sterile  normal  rabbit  serum  in 
test  tubes,  and  (c)  by  making  aqueous  extracts  of  bacteria.,  They 
concluded  that  Bail  liad  nothing  new,  but  was  dealing  with  dissolved 
bacterial  substances.  However,  Citron (4)  in  a  later  article,  notes  that 
there  are  differences  between  the  extracts  prepared  by  different  proce- 
dures, and  believes  that  according  to  present  evidence  it  is  probable  that 
the  most  effective  aggressins  can  be  extracted  only  from  living  bacteria. 

Bouchard,  as  long  ago  as  1891,  obtained  typical  aggressin  actions  by 
inoculating  soluble  bacterial  products,  together  with  the  bacteria. 

Strong(lO)  by  using  aqueous  extracts  of  plague,  obtained  a  mild 
immunity  in  monkeys  wliieh,  however,  was  not  demonstrable  in  guinea 
pigs.  This  is  of  particular  importance  from  the  fact  that  plague  im- 
munity is  known  to  be  non-bacteriolytic  immunity,  and  Bail  states  re- 
peatedly that  non-bacteriolytic  iminunity  is  characteristic  of  aggressins 
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Doerr(5)  also  thinks  that  Bail  is  dealing  with  dissolved  bacterial  sub- 
stances, as  he  obtained  the  precipitin  reaction  with  aggressive  exudates, 
and  he  brings  forward  criticism  against  the  work  of  Bail,  on  the  score 
of  the  inaccuracv  of  the  so-called  sublethal  doses.  He  also  found  that 
aggressins  are  of  themselves  injurious,  and  that  one  aggressin  promotes 
infection  with  a  different  species  of  bacillus. 

I^evy  and  Fornet(7)  were  able  to  demonstrate  the  aggressive  nature 
of  filtrates  of  24-  to  48-hour  bouillon  cultures  of  typhoid  and  paratyphoid 
bacilli.  They  found  that  these  filtrates  were  ^Mnfection-promoting"  to 
the  extent  of  increasing  fivefold  the  virulence  of  typhoid  bacilli.  The 
addition  of  filtrate  or  exudate  aggressin  to  leucocytes  blocked  the  phago- 
cytic power  against  typhoid  bacilli,  which  was  otherwise  present." 

Ballner(3)  found  that  nonbacterial  exudates  obtained  from  guinea 
pigs  increased  the  infectious  action  of  Friedlander's  bacillus  in  rabbits, 
in  other  words  exercised  an  aggressive  action.  He  could  not  obtain  an 
anti-aggressin  immunity  with  this  germ. 

Wolff-Eisner  (13)  reviews  the  aggressin  literature  at  length  and  con- 
cludes that  the  aggressins  are  nothing  but  endotoxins  from  bacteria; 
that  they  alone  are  not  present  in  sufficient  amount  to  act  strongly,  but 
that,  upon  addition  of  fresh  bacteria,  a  summation  effect  is  obtained  and 
the  animal'  dies  quickly.  He  thinks  this  also  explains  the  negative 
chemiotaxis  occurring  with  aggressins. 

What  part  the  aggressin  plays  in  the  blocking  of  leucocytosis  is  also 
in  dispute.  Citron,  in  studying  meningococcus  found  that  there  was 
no  relationship  between  aggressivity  and  power  to  block  phagoc3rtosis, 
^'hile  Salus'  work  raises  the  question  as  to  whether  the  aggressin  action 
is  anti-chemiotactic  at  all,  as  the  aggressin  acts  even  though  it  is  injected 
in  a  different  part  of  the  body  from  the  bacteria. 

On  the  other  hand,  Bail  and  his  school  have  published  a  series  of 
articles  dealing  with  the  aggressins  in  cholera,  typhoid,  dysentery,  plague, 
tuberculosis,  Bacillus  siibtilis,  chicken  cholera,  hog  cholera,  pneumococ- 
cus  and  staphylococcus. 

Bail  has  satisfied  himself  that  aggressin  action  occurs  in  tuberculosis 
also,  although  in  this  case  active  phagocytosis  continucnl  after  addition 
of  aggressins.  Koch  long  ago  obtained  the  same  action  l)y  the  use  of 
dead  cultures,  thus  ruling  out  any  vital  action  in  the  production  of 
aggressins. 

The  last  article  from  Bail  is  a  lengthy  rejoinder  to  the  criticism  of 
Wassermann  and  (Citron.  He  contends  that  the  extracts  used  bv  Was- 
sermann  and  Citron  are  altogether  different  from  aggressins,  and  that 

*  Concerning  Bair^  statement  that  the  aggresHive  property  of  Ixxly  fluids  is 
due  to  secretion  products  from  hacteria,  sec  v.  Pirquet  and  Shick,  "Die  Serum- 
krankheit."     Wien,  1905. 
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the  various  properties  wliich  they  find  in  these  extracts  in  no  way  alter 
the  significance  of  the  properties  that  he  has  attributed  to  aggressins. 
The  points  of  difference  between  the  **natural  aggressin"  obtained  from 
infected  animals  by  Bail's  method,  and  the  '^artificial  aggressins"  ob- 
tained by  the  various  extractive  procedures  are  discussed  at  length. 

1.  In  the  case  of  cholera,  natural  aggressins  promote  the  infection, 
but  do  not  destroy  or  stop  lysis  of  the  spirillum,  nor  cause  loss  of  com- 
})lement  even  when  tested  by  the  deflection  test,  the  complement  being 
[)resent  not  only  in  the  infected  body  but  also  in  the  aggressin  exudate 
itself;  whereas  the  artificial  aggressin  blocks  lysis  strongly  and  promotes 
infection  by  this  means. 

2r.  Similarly,  when  aggressin  and  a  specific  serum  are  inoculated  into 
the  peritoneal  cavity  of  a  guinea  pig  they  do  not  block  lysis,  whereas 
the  artificial  aggressin  with  a  specific  serum  does  so. 

3.  Aqueous  extracts  of  cholera  and  typhoid  are  so  full  of  bacterial 
particles  that  they  furnish  a  prcHiipitate  even  in  the  presence  of  a  normal 
serum;  while  natural  aggressins  may  altog(*ther  fail  to  precipitate,  even 
in  the  presence  of  a  strong  speitific  serum.  The  artificial  aggressins 
do  not  occur  in  the  course  of  natural  infections,  and  hence  are  altogether 
removed  from  comparison  with  natural  aggressins. 

However,  after  disputing  virulently  the  contention  of  Wassennann 
and  Citron  that  Bail  is  dealing  with  extracts  of  bacterial  substance,  the 
latter  mak(^  certain  concessions.  He  states  that  shaking  bacteria  in 
distilled  water  injures  the  bacteria.  The  extracts  therefore  do  not 
fulfill  the  requirements  of  aggressins  as  defined  by  Bail,  but  he  adds 
"although  we  acknowledge  that  some  bacteria  have  loosely  separated 
aggressin  easily  shaken  off  and  to  be  obtained  in  small  amounts.''  Again, 
"it  is  not  impossible  that  aggressin  preexisting  in  the  animal  body  may 
be  recovered  in  small  amounts  crtra  corpus:"  and  he  finally  expresses  a 
belief  that  some  of  ('itroirs  artificial  aggressins  obtained  from  living 
bacteria  contained  small  amounts  of  natural  aggressin  intermixed. 
Again,  he  states  that  not  every  exudate  is  aggressive,  and  not  every 
aggressive  exudate  evidences  })ure  aggressivity.  In  addition  to  the  ag- 
gressive substances — if  there  are  such — there  may  be  present  in  an 
exudate  or  (.edema  "ordinary  bacterial  substances  which  are  the  original 
artificial  aggressins  of  Wassormann  and  Citron  and  it  is  these  latter 
which  block  hjpinolvsis.'' 

He  also  states  with  regard  to  the  solution  of  bacterial  substances  that 
in  exj)erinients  with  typhoid  he  almost  always  obtained  aggressins  in 
his  exudates,  but  could  ])rove  by  the  method  of  complement  deflection 
that  ordinary  bacterial  ])articles  were  not  in  the  exudate.  The  indica- 
tions are  that  the  aggressivity  of  exudates  is  in  inverse  ratio  to  the 
])()wcr  to  deflect  complement.      He  holds  that  complement  deflection  is 
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due  to  bacterial  particles  causing  precipitation.  No  essential  solution 
of  bacterial  substance,  then,  occurs  in  the  animals,  which  fact  agrees, 
he  thinks,  with  the  one  that  typhoid  bacilli  after  inoculation  rapidly 
acquire  a  resistance  to  bacteriolysis.  However,  with  cholera,  the  case 
is  different,  the  exudate  containing  dissolved  bacterial  substance  in 
solution. 

"The  conchision  is  pvident  that  it  depends  ni)on  the  course  of  an  infection 
whether  an  animal  has  in  its  exudate  larger  or  smaller  amounts  of  dissolved 
bacterial  substance/' 

The  smaller  the  amount  of  dissolved  bacterial  substance  in  an  exudate, 
as  determined  by  complement  deflection,  the  stronger  is  tlie  aggressive 
action  of  the  exudate. 

These  statements  indicate  a  distinct  recession  from  Bail's  original 
position,  for  on  the  one  hand  he  acknowledges  that  artificial  bacterial 
extracts  may  contain  aggressin  and  on  the  other,  that  aggressive  exu- 
dates may  contain  in  solution  other  bacterial  substances  together  with 
aggressins. 

Bail  also  discusses  at  length  the  relation  between  complement  deflec- 
tion and  precipitation,  particularly  with  regard  to  its  bearing  upon  our 
understanding  of  aggressins.  While  artificial  aggressins  inhibit  bac- 
teriolysis, Bail  notes  that  the  third  of  a  series  of  guinea  pigs  inoculated 
in  turn  with  cholera,  furnishes  a  natural  aggressin  which  contains  com- 
plement completing  the  action  of  anti-cholera  serum.  This  complement 
action  of  the  aggressin  exudate  is  stronger  in  the  third  than  in  the 
second  of  a  series  of  guinea  pigs ;  and  stronger  in  the  second  than  in 
the  first.  This  change  is  so  regular  that  when  it  is  absi^nt  it  is  safe  to 
attribute  it  to  an  overdose  of  bacteria  in  setting  the  test. 

In  serial  inoculations  aggressivity  increases  vmtil  the  danger  arises 
that  the  series  will  cease  from  some  cause  not  clearlv  understood.  .\s 
the  aggressivity  increases,  there  is  a  decrease  in  the  power  of  the  exudate 
to  block  haemolysis.  Bail  brings  this  forward  in  rel)uttal  of  Citron's 
argument  that  the  power  to  block  luemolysis  furnishes  an  index  of  the 
aggressivity  of  the  exudate.  He  discusses  the  phonoinena  of  precipita- 
tion, complement  deflection  and  multiplicity  of  complements.  He 
agrees  completely  with  Moreschi  that  deflcvtion  is  not  a  function  of  the 
union  of  amboceptors  with  specific  substanc(\s,  but  is  due  to  gross  or 
microscopic  precipitation. 

He  states  that  he  disregards  the  plurality  of  complement  idea,  which 
he  thinks  was  overthrown  bv  the  discoverv  of  com])lement  deflection, 
and  he  agrees  with  Bordet  in  looking  up<m  complement  as  a  "single 
fermentative,  comj)lementative  activity''  of  the  bmly  juices.  However, 
he  is  not  consistent  in  this  position,  for  he  finds  that  in  some  of  his 
aggressin  experiments  the  heart's  blood  of  tlie  animal  contains  hwmolytic^ 
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complements,  "and  usually  bactericidal  complement  not  only  for  chol- 
era and  typhoid,  but  also  for  anthrax."  This  is  a  tacit  confession  that 
different  complements  are  needed  in  these  different  reactions. 

He  does  not  agree  with  Citron  in  attributing  to  natural  aggressin  the 
power  of  complement  absorption,  but  he  gives  examples  showing  how 
natural  aggressins  may  lead  to  the  blocking  of  haemolysis. 

Bail  considers  that  the  leucocytes  are  the  chief  source  of  complement. 
He  thinks  that  extracts  of  bacilli  hold  back  leucocytes  more  than  natural 
aggressins  do.  He  believes  that  inoculation  of  extracts  acts  just  as  does 
the  inoculation  of  larger  amounts  of  bacteria  to  promote  the  growth  of 
the  inoculated  bacteria  so  that  these,  by  means  of  their  newly  acquired 
aggressivity,  restrain  the  growth  of  leucoc}i;es.  This  is  rather  a  com- 
plicated mode  of  procedure.  Aggressin  alone  has  no  power  to  •  bind 
leucocytes,  but  only  acts  in  the  presence  of  bacteria.  This  he  can  not 
explain,  but  he  found  qualitative  differences.  The  addition  of  cholera 
aggressin  causes  death  by  intoxication  with  no  leucocytosis  in  a  guinea 
pig  previously  inoculated  with  cholera  and  anti-cholera  serum,  the  action 
being  unlike  that  following  the  addition  of  cholera  extracts  or  of  sterile 
bouillon.  This  he  brings  forward  as  an  additional  proof  of  the  difference 
between  artificial  and  natural  aggressins. 

Turning  to  the  question  of  immimity  against  infections.  Bail  holds 
that  anti-bacterial  immunity  is  not  a  true  immunity,  and  that  this  can 
be  given  only  by  creating  "anti-aggressin.'*  These  anti-aggressins  are 
distinctly  different  from  anti-bacterial  substances,  for  the  anti-aggressin 
immunity  is  certainly  not  bactericidal  immunity  in  the  cases  of  anthrax, 
chicken  cholera,  swine  plague,  and  plague,  dysentery,  capsrdated  bacillus, 
and  typhoid;  while  in  the  case  of  cholera  he  has  never  succeeded  in 
obtaining  an  anti-aggressin  immunity  which  did  not  also  exhibit  a 
bacteriolytic  immunity.  The  determinations  in  these  cases  were  made 
])oth  by  test-tube  experiments  and  by  Pfeiffer  tests.  The  anti-aggressin 
immunity  is  a  phagocytic  immunity,  at  least  in  the  case  of  typhoid. 

However,  even  with  strong  anti-aggressive  immunity,  the  infecting 
bacteria  may  survive  and  multiply  in  the  host,  but  they  cause  no  symp- 
toms. Citron  could  also  verify  this,  finding  virulent  hog  cholera  bacilli 
in  an  immunized  animal  after  five  and  one-half  months.  He  contends 
not  only  that  bactericidal  immunity  is  not  a  true  immunity,  but  that  this 
bactericidal  i>ower  can  not  be  deduced  from  the  power  of  the  serum  to 
block  haemolysis;  and,  further,  he  claims  that  Wassermann  and  Citon 
are  wrong  in  regarding  the  presence  of  amboceptors  in  an  inoculated 
animal  as  an  index  that  the  reaction  of  immunity  has  occurred  in  those 
cases  in  which  the  cholera  germ  is  still  capable  of  living  somewhere  in 
the  body  of  the  immunized  individual. 

Bail  gives  the  occurrence  of  strong  phagocytosis  in  spite  of  severe 
infection  as  a  characteristic  of  anti-aggra«?8in  immunity. 

nioro  is  a  negative  stage  after  the  inoculation  of  aggressin  during 
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which  the  animal  exhibits  markW  hypersuseeptibility  to  fresh  inoculations 
of  the  germ.  He  also  states  that  anti-aggressin  immunity  is  one  of  the 
oldest  methods  of  immunization,  although  its  essentials  were  never  before 
understood.  He  claims  that  the  experiments  of  Wassermann,  Ostertag 
and  Citron  with  vaccination  with  suitably  weakened  ])acilli,  is  nothing 
but  a  modified  form  of  Pasteur's  immunization,  and  adds :  "We  consider 
Pasteur  immunity  as  the  only  true  immunity,  but  it  is  nothing  else  than 
an  aggressin  immunity.  This  is  shown  by  its  not  having  a  high  content 
in  anti-bodies." 

A  review  of  the  work  both  for  and  against  aggressins  leaves  it  ques- 
tionable whether  Bail  and  his  school  have  made  any  real  contribution 
to  bacteriology  or  immunity.  It  is  by  no  means  an  easy  matter,  in  many 
cases,  to  obtain  a  clear  idea  of  their  meaning,  but  some  of  the  phenomena, 
which  they  describe  as  aggressive  in  nature,  can  hardly  be  due  to  any 
single  cause  and  arc  probably  to  be  explained  by  considering  togctjier  a 
series  of  processes  in  tlie  bacteria  and  another  series  in  the  infected  host. 
Their  claim  that  their  aggressins  are  newly  described  substances  has  been 
nearly  overthrown  and  most  of  the  characteristics  have  been  found  under 
other  conditions.  As  to  the  newness  of  anti-aggressin  immunity,  all 
doubt  is  set  at  rest  bv  Bail's  statement  that  it  is  the  same  as  Pasteur's 
immunity. 

The  lessons  to  be  learned  from  the  aggressin  work  are  not  new;  the 
same  lessons  are  being  taught  by  the  workers  upon  opsonins  and  endo- 
toxins, and  they  are: 

1.  That  there  are  very  great  dififerences  in  activity  between  otherwise 
apparently  identical  strains  of  a  species  of  bacterium;  2.  That  bacteria 
undergo  some  important  alteration  when  transferred  from  a  saprophytic 
to  a  parasitic  existence;  3.  That  there  are  marked  differences  in  the 
reactions  occurring  in  various  species  of  bacteria  after  they  are  inoculated 
into  animals;  4.  That  the  phenomena  of  agglutination,  bacteriolysis  or 
phagocytosis  do  not  separately  afford  an  explanation  of  anti-infectious 
immunity;  5.  That  the  products  of  bacterial  metabolism  are  numerous 
o.nd  differ  among  themselves,  and  that  the  products  differ  according  to 
"tlie  pathogenicity  of  the  bacterial  strain. 
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INFANT  FEEDING  AND  ITS  INFLUENCE  UPON  INFANT 
MORTALITY  IN  THE  PHILIPPINE  ISLANDS." 

[Copyrighted  in  the  Philippine  Islands,  September,  1907.] 


By  W.  E.  MusGRAVE  and  (iEorge  F.  Richmond. 
{From  the  Biological  and  Chemical  Laboratories,  Bureau  of  Science.) 


I.  Introductiox. 
II.  Habits  and  customs  of  tjik  people. 

A.  The  native  mother. 

B.  The  native  child. 

C.  The -foreign  mother  and  child. 

[II.    A  STUDY  OF  THE  CONDUriONS  AS  THEY    EXIST  AT   PHESENT. 
The  available  food  supply, 
(a)   Human  milk. 
(6)   Other  fresh  milks. 

1.  Cows'  milk. 

2.  Goats'  milk. 

3.  Carabao's  milk. 

(c)  Preserved  milks. 

1.  Cold  storage  milk. 

2.  Sterilized  milk    (not  condensetl). 

3.  Condensed  whole  milk   (so-called  evai)orated  cream). 

4.  Condensed  milk   (sweetene<l  or  modified). 

5.  Malted  milks. 

6.  Cream. 

(d)  Foods  other  than  milk. 

1.  Tlie  home  made  fcHKls. 

2.  Imported  prepared  foods. 

3.  Diluents. 

IV.  Diet. 

I.  introduction. 

Infant  mortality  is  tlu*  most  serious,  important  and  urgent  j)ro])lem 
in  preventive  medicine  in  the  Phili])])ine  Islands.  The  foUowing  figures 
>f  births  and  deaths  for  the  (Mtij  of  Manila  are  taken  from  the  records 
>f  the  Bureau  of  Health : 


Deaths 


Year. 


1908. 
1904. 
1906. 
1906. 


Births. 


3,387  ! 

6.341 ; 

7,779 
8,679 


DfHths     (""derl 


ftKc). 


Total 


26,186 


9,394 

11.357 

9,731 

9.486 


8, 872 
6,029 
4,676 
4,218 


89.958 


18,795 


'Read  by  abstract  at  the  Fourth  Annual  Meeting  of  the  Philippine  Islands 
kledical  Association,  March  3,  1907. 
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The  number  18,795,  for  the  deaths  of  infants  under  1  year  of  age, 
represents  47  per  cent  of  the  total  mortality,  and  71  per  cent  of  the 
total  recorded  births. 

No  reliable  figures  are  available  from  the  provinces,  but  it  is  probable 
that  the  ratios  will  not  be  found  materially  to  differ  from  the  ones  derived 
from  the  records  in  Manila,  for  whereas  Manila  has  better  sanitarv  condi- 
tions,  and  the  services  of  hospitals,  physicians  and  nurses  are  more 
regularly  sought  in  the  city,  the  provinces  on  the  other  hand  have  fresher 
and  better  milk  and  other  foods,  and  infections  are  perhaps  less  frequent. 

Three  hundred  and  seven  American  children  were  born  during  the  four 
years  covered  by  these  statistics,  and  while  no  accurate  figures  are  avail- 
able, the  infant  mortality  among  these  was  less  than  5  per  cent.  Very 
similar  results  are  obtained  from  statistics  which  one  of  us  personally 
compiled,  containing  the  record  of  150  native  children  born  to  educated 
parents  during  the  same  period  of  time.  However,  in  these  two  classes 
of  patients  rachitic  tendencies,  marasmus,  anaemia  and  other  damaging 
influences  of  malnutrition  are  sufficiently  prevalent  to  prove  that  even 
in  the  absence  of  pure,  fresh  milk,  we  are  not  using  the  available  foods 
to  the  best  advantage. 

On  examining  the  recorded  causes  of  death  a  little  more  closely  we 
find  some  interesting  and  instructive  figures  regarding  the  death  of 
18,795  infants  in  Manila  during  the  last  four  years.  In  10,484  instances 
the  cause  of  death  is  given  as  convulsions ;  in  1,41  fi  (for  three  years  only) 
diarrhceal  diseases  and  dysentery-;  and  in  780  (for  three  years  only) 
simple  meningitis  is  credited  with  the  fatal  result.  In  addition  to  these 
figures  large  numbers  of  certificates  of  death  where  the  cause  is  given  as 
tetanus,  lack  of  care,  debility,  etc.,  are  recorded.  We  but  confirm  the 
expressed  opinion  of  Major  E.  C  Carter,  formerly  Commissioner  of 
Health  for  the  Philippine  Islands,  and  many  other  prominent  health  of- 
ficials and  physicians,  in  stating  that  an  overwhelming  percentage  of 
the  10,484  deaths  reported  as  due  to  convulsions  were  in  reality  caused  by 
gastro-intestinal  diseases,  the  result  of  dietetic  errors;  this  number 
mav  also  safelv  be  increased  to  include  most  of  the  cases  of  so-called 
tetanus,  meningitis,  debility,  etc.  Tetanus  is  prevalent  in  the  Philippine 
Islands  and  it  is  to  be  expected  in  a  certain  number  of  babies  because  of 
the  lack  of  care  in  treating  the  cord  at  birth,  but  in  six  patients  which 
(me  of  us  was  able  to  see  during  life,  and  in  three  more  where  Musgrave 
made  post-mortem  studies,  the  spasms  were  of  other  etiology  and  tetanus 
was  not  present. 

Rickets  and  marasmus  are  not  mentioned  in  the  recorded  causes  of 
death,  but  both  diseases  are  present  among  foreign  and  native  children. 
We  are  convinced  after  a  careful  study  of  the  records,  the  conditions  and 
our  own  observations,  that  more  than  75  j)er  cent  of  the  deaths  of  babies 
in  Manila  are  primarily  due  to  dietetic  errors. 
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Major  E.  C.  Carter,  formerly  Commissioner  of  Public  Health,  makes 
the  following  statement  in  his  annual  report  for  1003 : 

This  excessive  infant  mortality  is  one  common  to  all  tropical  countries.  In 
Manila  it  appears  chiefly  to  depend  upon  ignorance  with  respect  to  the  proper 
care  and  feeding  of  young  children  and  the  difficulties  of  obtaining  suitable  foml 
where  nursing  by  the  mother  is  for  any  reason  impracticable  or  the  supply  of 
breast  milk  is  insufficient.  Fresh  milk  is  almost  impossible  to  obtain,  and  when 
obtained  is  usually  of  poor  quality  and  contaminated  by  improper  handling.  In 
the  absence  of  ice  its  preservation  is  practically  an  imposibility  and  no  attempt  is 
made  to  modify  its  constitution  so  as  to  conform  more  nearlv  in  character  to 
human  breast  milk.  The  destructive  epidemics  of  rinderpest  have  also  largely 
destroyed  the  few  milch  cattle  formerly  in  the  Islands  and  there  has  been  but 
little  resort  to  goats  as  a  source  of  milk  supply.  The  so-called  Australian  milk 
is  costly,  its  use  is  not  general  and  it  is  not  well  borne  by  many.  The  employ- 
ment of  prepared  infant  foods  is  understood  by  but  few,  and  their  cost  places 
them  beyond  the  reach  of  the  poorer  classes.  The  same  applies  to  the  use  of 
condensed  milk,  which  is  at  present  the  most  available  source  of  supply  of  food 
for  infants.  When  used  it  is  frequently  improperly  diluted  or  contaminated  by  the 
use  of  water  from  an  impure  source,  giving  rise  to  intestinal  disorders  and  mal- 
nutrition which  are  rapidly  fatal. 

Major  Carter  in  his  annual  report  for  1904  again  emphasized  the 
statements  given  in  his  report  for  1903  and  in  addition  }X)ints  to  the 
invasion  of  the  Islands  by  the  "germ  infected  nursing  bottle,"  he  calls 
attention  to  the  use  of  the  milk  of  the  coconut  in  feeding,  and  he  started 
a  campaign  of  education  by  distributing  broadcast  a  bulletin  on  the  care 
of  children,  which  was  prepared  by  a  committee  of  native  physicians. 

Dr.  V.  G.  Heiser,  at  present  Director  of  the  Bureau  of  Health,  in  his 
annual  report  for  1906  states  that  as  a  result  of  this  bulletin  the  con- 
sumption of  milk  has  increased  by  probably  500  per  cent,  nearly  all  the 
output  being  used  as  food  for  infants,  and  he  further  points  out  that 
notwithstanding  this  fact,  there  has  been  no  appreciable  decrease  in 
infant  mortality  and  he  considers  this  to  be  due  to  the  improper  care 
and  handling  of  both  the  milk  and  its  containers.  Dr.  Heiser  states 
that  probably  95  per  cent  of  the  milk  used  is  from  the  carabao. 

However,  even  the  large  infant  mortality,  disiistrous  as  it  is,  does  not 
tell  u»  of  the  pernicious  influences  brought  about  by  the  conditions  which 
produce  this  mortality,  upon  tliose  who  escape  death  in  infancy.  A  large 
percentage  additional  to  the  71  per  cent  of  infants  wlio  die  before  the 
end  of  their  first  year,  is  to  be  crwlited  to  tliose  who  are  left  with  crip- 
pled constitutions  and  who  later  become  imnecessarily  susceptil)le  to  other 
diseases.  This  supplementary  mortality  must  be  charged  to  the  same 
lack  of  care  of  the  hel])l(^s  ones,  which  makes  the  loss  of  so  many  infants 
possible. 

The  problem  of  infant  mortality  and  infant  feeding  is,  of  course,  a 
fundamental  one  in  all  parts  of  the  world  and  it  is  particularly  so  in 
cities,  but  here  it  is  even  more  complex  than  it  is  in  other  places  because 
of  at  least  two  important  reasons — one,  the  almost  complete  abeenoe  of 
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good,  fresh  milk,  and  tlic  other,  the  lack  of  satisfactory  literature  bear- 
ing upon  the  subject.  So  far  as  we  are  aware,  there  is  not  a  book  or 
exhaustive  article  which  deals  with  the  problem  of  infant  feeding  in 
countries  where  a  supply  of  fresh  milk  is  lacking  and  where,  in  addition, 
the  ability  of  mothers  to  nurse  their  offspring  is  reduced  to  a  minimum 
for  reasons  which  we  will  discuss  below. 

II.    HABITS  AND  CUSTOMS  OF  THE   PEOPLE. 
A.    THE  NATIVE  MOTHER. 


The  habits  and  customs  of  the  ])eople  deserve  a  passing  notice  if  we 
consider  that  the  feeding  of  the  child  begins  with  conception.  A  par- 
turient native  woman  is  generally  a  happy  one,  proud  of  her  condition, 
and  she  as  a  rule  continues  her  regular  habits  and  vocation  during  the 
period  of  her  gestation.  The  diet  during  this  time  is  of  the  usual 
varietv,  which  contains  an  excess  of  carbohvd rates. 

Confinement,  particularly  among  the  poorer  class  of  people,  is  of  a 
\CTy  primitive  type.  In  Manila,  over  50  per  cent  of  the  children  are 
born  without  medical  attendance,  usually  with  the  aid  of  a  midwife 
whose  presence  often  does  more  harm  than  good.  Mechanical  assistance 
is  afforded  to  the  mother  by  passing  a  rope  or  folded  sheet  around  the 
body  just  above  the  fundus,  whereupon  one  or  more  friends  pull  upon 
the  ends.  The  bad  results  to  both  mother  and  child  following  this  and 
many  other  even  more  dangerous  procedures,  need  no  discussion  here. 


B.   THE  NATIVE  CHILD. 


The  native  child  usually  has  the  best  attention  which  its  mother  can 
afford  and  which  she  knows  how  to  administer,  but  the  density  of  the 
ignorance  and  even  of  the  superstition  which  exists  among  the  uneducatinl 
classes  is  remarkable,  and  in  addition,  generations  of  self-medication 
have  resulted  in  the  extensive  adoption  of  customs  whicli  are  of  the  most 
I)ernicious  type,  often  maintained  with  a  persistence  which  seems  culpable 
and  vicious  in  the  face  of  gratuitous  enlightenment. 

Breast  feeding  is  probably  attempted  in  almost  every  case,  but  the  per- 
centage of  exclusively  breast-fed  children  is  certainly  much  smaller  than  it 
is  in  many  other  countries.  This  is  due  to  several  causes  among  which  may 
l)e  mentionc»<l  infections,  injuries  to  the  mother  at  childbirth  and,  most 
important  of  all,  the  lack  of  sufficient  and  proper  food  for  the  mother 
(luring  the  puerperum ;  we  also  nmst  remember  that  the  hereditary  in- 
fluences of  generations  of  artificial  feeding  are  always  present  to  con- 
tend with.  The  average  Filipino  woman  is  ]X)orly  developed,  and  even 
those  who  have  borne  several  children  usuallv  have  small  breasts,  so  that 
the  milk-giving  capacity  is  at  a  minimum.  The  conditions  which  have 
been  outlined  and  many  others,  bring  about  the  necessity  of  instituting 
artificial  food  for  breast  milk  in  infant  feeding  to  an  extent^  and  at  an  J 
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age  of  the  infant,  probably  not  surpassed  if  it  is  equaled  in  any  other 
country. 

Mixed  feeding  is  usually  the  first  departure  from  exclusive  breast 
feeding;  it  is  instituted  early  and  continued  as  long  as  milk  may  be 
obtained  from  the  breast,  or  until  long  after  the  child  should  be  weaned. 
The  only  contraindication  to  breast  feeding  among  the  poorer  classes  is 
the  lack  of  milk;  no  cause  for  discontinuation  being  found  in  tuber- 
culosis, in  other  infectious  diseases  or  in  pregnancy.  The  accessory 
articles  of  diet  in  mixed  feeding  are  very  numerous,  and  the  methods  of 
preparation  and  administration  primitive,  but  as  they  are  identical  with 
the  ones  administered  in  pure  artificial  feeding,  their  consideration  will 
be  postponed  until  that  heading  is  reached. 

Artificial  feeding  is  rarely  resorted  to  entirely  so  long  as  the  breast 
milk  continues,  but  in  most  of  the  instances  of  mixed  feeding  the  nourish- 
ment which  is  taken  is  mainly  from  artificial  sources,  which  will  now  be 
discussed  in  (jietail. 

Milk  is  the  most  important  of  the  articles  of  diet.  That  of  cows, 
goats,  and  carabaos  is  used  and  a  large  assortment  of  canned  and  condensed 
milks  is  also  employed.  Other  prepared  foods  of  foreign  "manufacture 
are  given  to  a  limited  extend  in  addition  to  the  different  milks,  and 
homemade  preparations  in  large  variety  make  up  the  bulk  of  the  infant 
food  among  the  poor  people.  Most  of  the  latter  articles  are  mixtures 
of  starch  and  sugar,  prepared  without  proper  regard  to  cleanliness, 
and  among  these  may  be  mentioned  the  rice  sticks,  made  by  boiling 
rice  and  sugar  until  a  glue  is  formed,  which  can  be  molded  into  a 
stick  to  be  sucked  by  the  child.  Potatoes,  bananas  and  other  fruits  are 
given  at  a  very  early  age,  and  meat  feeding  is  very  frequently  instituted 
before  the  eruption  of  the  temporary  teeth.  It  is  not  an  infrequent 
occurrence  at  autopsies  to  find  pieces  of  undigested  meat  in  the  stomachs 
of  four  months'  old  children.  Not  only  does  the  quality  of  the  foods  and 
their  indiscriminate  use,  regardless  of  the  age  of  the  child,  bring 
disaster,  but  the  character  and  percentage  of  the  diluents  also  contribute 
very  much  to  the  bad  results.  Throughout  the  sad  story — and  this  is 
the  pity  of  it — nothing  but  the  ignorance  of  the  people  is  to  blame  for 
the  results. 

C.    THE   FOREKJN    MOTHER   AND   CHILD. 

In  Manila  the  social  customs  are  such  that  in  general  the  foreign 
woman  neither  cares  so  well  for  herself  nor  does  she  make  as  good  a 
mother  as  she  would  in  her  home  country.  Nevertheless,  the  children  of 
foreigners  and  of  the  educated  class  of  Filipinos  thrive,  although  sur- 
rounded by  the  same  climatic  and  other  unavoidable  evils  which  encom- 
pass those  of  the  ignorant  classes.  The  infant  mortality  among  foreign- 
ers and  wealthy  natives  compares  favorably  with  that  in  other  lands ;  the 
children  are  fairly  strong  and  not  overburdened  with  the  diseases  of 
malnutrition  so  common  in  all  countries. 
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III.   A  STUDY  OF  THE  CONDITIONS. 

A  very  complex  condition  appears  before  us  for  study,  to  judge  from 
the  preceding  brief  and  incomplete  rfeum^  of  facts.  However,  the  limits 
of  this  paper  will  allow  of  the  consideration  of  but  one  of  the  problems, 
namely,  that  of  infant  feeding,  and  in  discussing  this  topic  we  will  first 
take  up  a  consideration  of  the  available  materials. 

THE   AVAILABLE  POOD   SUPPLY. 


Milk  is  the  first  of  the  articles  to  be  considered  and  it  mav  be  clas- 
sified  as  either  fresh  or  preserveil.  Among  the  fresh  milks  we  will  con- 
sider human,  cows',  carabaos'  and  goats'  milk  and  among  the  preserved 
varieties  we  have  manv  brands  of  the  sterilized,  condensed  and  malted 
type. 

(a)  HUMAN  MILK. 

The  percentage  of  American  mothers  who  are  able  to  nurse  their 
children  in  Manila  is  higher  than  it  is  in  general  in  American  cities. 
The  quality  of  the  milk  is  of  a  very  good  average,  perhaps  with  a  ten- 
dency to  a  high  sugar  index,  with  a  correspondingly  lowered  proteid  and 
fat  content,  as  is  shown  in  the  following  table : 

Tabiji  No.  1. — Analyses  often  samples  of  breast  milk  from  American  women  who  have 

infants  from  SO  days  to  S  months  old. 


No. 


1 

2„-._--. 

8 

4 

5 

6 

7 

8 


9. 
10. 


Average 


Specific 
gravity. 

Water. 

Solids. 

1.082 

88.80 

1L20 

1.030 

87.19 

12.81 

1.029 

88.74 

U.26 

1.030 

86.80 

18.20 

1.027 

84.47 

15.63 

1.027 

84.44 

15.56 

1.083 

89.45 

10.55 

1.030 

87.22 

12.78 

1.029 

88.62 

11.88 

1.032 

89.41 

10.59 

1.0299 

87.46 

12.48 

Ash.   :    Fat. 


0.20 
.11 
.83 
.14 
.11 
.25 
.26 
.27 
.84 
.23 


22 


2.40 
5.55 
8.48 
4.44 
7.27 
6.86 
L90 
5.48 
8.61 
1.92 


4.24 


Sagar. 


6.10 
6.07 
6.81 
7.56 
7.16 
6.98 
6.81 
6.28 
6.28 
6.78 


6.68 


Proteid. 


2.50 
1.06 
1.14 
1.04 
.99 
1.97 
1.58 
1.42 
1.18 
1.60 


1.45 


The  analyses  of  breast  milk  among  the  better  class  of  Filipino  women 
who  can  and  do  partake  of  a  liberal  diet  and  who  otherwise  obey  the 
mandates  of  hygiene  also  gives  a  good  average,  as  shown  in  Table  No.  2. 
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Table  No.  2. — Analyses  of  breast  milk  taken  from  the  ivealthier  class  of  Filipino 

nvmen. 


No. 

Specific 
gravity. 

Water. 

86.22 
86.78 
84.43 
85.49 
88.17 
88.30 
88.82. 

Solids. 

Ash. 

Fat. 

Sugar. 

Proteid. 

1 

1.080 
1.031 
1.027 
1.029 
1.028 
1.030 
1.031 

13.78 
13.22 
15.57 
14.51 
11.83 
11.70 
11.18 

0.27 
.17 
.26 
.11 
.41 
.23 
.12 

5.78 
4.34 
6.34 
6.64 
3.35 
3.21 
2.61 

6.33 
7.76 
6.98 
6.07 
5.91 
7.18 
7.69 

1.40 
.95 

2- 

3 _ -. 

1.97    1 

4 

1.69 

5 

2.16 

6 

1.08 
.92 

7 

Average- 

1.029 

86.88 

13.11 

.22 

5.38 

6.83 

1.45 

However,  a  study  of  the  breast  milk  among  the  poor  people  gives  some 
interesting  figures.  In  the  first  place,  the  quantity  is  small  and  the 
period  of  active  lactation  short.  Analyses  of  ten  samples  of  milk  show 
a  persistent  high  specific  gravity,  high  sugar  index,  with  low  proteid  and 
fat.     This  is  apparent  from  the  following  table : 

Tablb  No.  3. — Analyses  often  specimens  of  breast  milk  from  native  ivomen  of  the 
poorer  classes^  with  infants  from  10  days  to  1  month  old. 


No. 

Specific 
gravity. 

1.035 
1.038 
1.084 
1.086 
1.080 
1.030 
1.030 
1.080 
1.030 
1.031 

Water. 

Solids. 

13.17 
12.71 
13.09 
12.67 
12.80 
13.40 
13.29 
11.96 
13.04 
12.0* 

Ash. 

0.11 
.34 
.15 
.13 
.11 
.14 
.15 
.09 
.16 
.15 

Fat. 

Sugar. 

8.70 
8.29 
9.20 
8.06 
7.11 
7.62 
7.98 
8.14 
7.83 
6.87 

Proteid. 

1 

86.83 
87.29 
86.91 
87.43 
87.20 
86.60 
86.71 
88.04 
86.96 
87.97 

2.84 
2.55 
2.33 
2.98 
3.58 
4.50 
4.02 
2.67 
3.97 
1.31 

1.52 
1.53 
1.41 
1.88 
1.40 
1.14 
1.14 
1.02 
1.08 
1.31 

2 

8.. 

4 

5 

6 

7 

8 

9 „ 

10 

Average  _._ 

1.033 

87.19 

12.81 

.15 

3.07 

7.98 

1.29 

A  study  of  these  analyses  shows  that  even  in  breast  feeding  in  Manila 
there  are  unusual  problems  to  be  met.  In  order  fully  to  appreciate  this 
fact  we  have  taken  the  averages  from  the  j)receding  ta])les  and  placed 
them  in  the  following  one,  which  also  gives  average  human  milk  analyses 
from  two  representative  sources,  for  comi)arative  purposes. 
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Table  No.  4. — Showing  comparison  betvxen  human  milk  analyzed  by  several  auihon 

and  the  findings  in  Manila, 


Averages  given  by  Rotch _ 

Averages  given  by  KOnig 

Average    from    American    women  in 

Manila ._. 

Average    from    Filipino    women    in 
Manila  of— 

Better  elan , 

Poor  clan 


Fat. 

Sogmr. 

Total 
proteid. 

Casein. 

Whey 
proteid. 

8.00-4.00 
8.80 

4.24 

5.88 
8.07 

6.00-7.00 
6.20 

6.68 

6.83 
7.96 

1.0&-2.00 
2.80 

1.45 

1.45 
1.29 

0.50 
1.00 

1.28 
1.80 

i 

1 

Some  of  the  discrepancies  between  the  analyses  of  human  milks  from 
women  of  the  Tropics  and  of  those  given  for  other  countries  are  usually 
explained  by  the  difference  in  diet,  and  this  also  partially  makes  clear 
the  variations  due  to  the  racial  differences  in  women  living  in  the  Phil- 
ippine Islands.  However,  there  are  other  influences  such  as  heredity, 
nervous  temperament,  climate,  etc.,  which  here  play  an  active  part  and 
which  must  not  only  be  reckoned  with  in  determining  what  is  abnormal 
in  the  mother's  milk,  but  also  in  fixing  standards  of  normality  for  the 
infant's  requirements  with  reference  to  nutrition.  For  example^  accord- 
ing to  our  standards  the  high  sugar  index  and  the  low  fat  content  found 
in  the  breast  milk  of  the  native  women  of  the  lower  classes  are  too  far 
from  the  normal  to  accord  with  our  present  conception  of  the  physiology 
of  nutrition  of  the  infant  and,  according  to  the  same  standards,  they 
are  partly  responsible  for  the  gastro-intestinal  disturbances  and  for  some 
of  the  malnutrition  and  lack  of  development  of  the  children  of  these 
classes. 

However,  it  is  not  at  all  certain  but  that  our  standards  of  averages  may 
need  some  adjustment  in  this  respect,  and  it  may  be  true  that  the  child 
of  parentage  which  for  generations  has  lived  in  the  Tropics  may  demand 
more  sugar  and  less  fat  than  we  have  been  accustomed  to  recognize  as 
normal. 

(6;  OTHER  FRESH  MILKS. 

1,  Fresh  cows'  milk,  because  of  the  dearth  of  homed  animals,  due  to 
rinder|)est,  is  very  difficult  to  obtain  in  any  considerable  quantity  and  its 
price  is,  and  for  some  years  it  must  remain,  prohibitive  for  most  of  the 
people.  Adulteration  of  the  available  cows'  milk  is  exceedingly  common 
and  flagrant;  the  adulterants  consist  of  carabaos'  or  goats'  milk,  canned 
milks,  and  often  of  chalk,  limcwater  and  other  substances.  Bacterio- 
logical examinations  show  this  milk  to  be  unfit  for  use.  After  repeated 
efl^orts  we  were  unable  to  ol)tain  ten  samples  from  the  market  in  order 
to  submit  a  table  of  comparative  results. 
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Examinations  of  ten  samples  of  fresh  cows'  milk  from  the  Bureau  of 
Agriculture  in  Manila  are  given  below.  These  animals  are  well  selected 
and  are  specially  cared  for  by  Government  officials. 

Table  No.  5. — Analyses  often  samples  of  cows*  milk  from  stall-fed  animah,  the  property 

of  the  Bureau  of  Agriculture  in  Manila. 


No. 

Specific 
gravity. 

Water. 

89.78 
89.90 
88.22 
89.50 
89.55 
89.22 
90.59 
87.97 
86.38 
89.80 

Solids. 

Ash. 

Fat. 

Sugar. 

Proteid. 

1 

1.084 
1.082 
1.085 
1.033 
1.031 
1.032 
1.083 
1.028 
1.084 
1.082 

10.22 
10.10 
11.78 
10.50 
10.45 
10.78 
9.41 
12.08 
13.62 
10.20 

0.72 
.63 
.65 
.60 
.75 
.71 
.65 
.65 
.70 
.60 

3.73 
2.63 
3.44 
2.09 
2.52 
2.42 
1.64 
4.34 
3.73 
1.66 

2.39 
4.36 
4.57 
6.07 
3.87 
4.40 
4.00 
4.11 
4.86 
5.07 

3.38 
2.48 
3.12 
2.74 
3.31 
3.25 
3.12 
2.93 
4.33 
2.87 

2 

3 

4 

5_ 

6 

7 

8 

9 

10 -. 

Average... 

1.082 

89.09 

10.91 

.66 

2.82 

4.21 

3.15 

In  the  following  table  the  averages  from  the  preceding  ones  are  com- 
pared with  those  given  for  fresh  cows'  milk  by  two  distinguished  authors : 

Table  No.  6. — Shounng  comparison  between  the  results  of  examinations  of  cows*  milk 

as  given  by  other  authors  and  as  determined  in  Manila. 


Fat. 

Sagar. 

Total 
proteid. 

Casein. 

1 

Lact- 
albumin. 

Avenge  fresh  cowa'  milk  (Konig) 

3.70 
4.00 
2.82 

4.90 
4.75 
4.21 

3.50 
3.50 
3.15 

1 
3.00             0.50 
2.66  i             .84 

Average  fresh  cows'  milk  (Rotch) 

The  contents  of  fresh  cows'  milk  varies  between  very  wide  limits  in  all 
parts  of  the  world,  but  in  Manila  this  variation  is  excessive  and  is  in  part 
due  to  the  alteration  in  the  kind  of  food  to  which  the  cows  have  been 
accustomed,  to  the  difference  in  the  care  of  the  animals  and  to  difficulty 
of  securing  average  milks  because  of  the  lack  of  large  lierds  of  cattle.  As 
it  is  impossible  to  obtain  an  average,  it  is  necessary  to  examine  the  milk 
from  each  animal  or  herd  before  it  can  intelligently  be  modified  for 
infants'  use,  and  even  after  these  precautions  have  been  taken  many  of 
these  milks  are  of  a  composition  wliich  renders  proper  modification  very 
difficult.  The  worst  cases  of  rickets  to  be  seen  in  the  Philippine  Islands 
are  often  observed  among  children  who  are  fed  upon  so-called  fresh,  cows' 
milk.  The  average  bacterial  count  in  five  samples  of  milk  bought  in 
the  market  was  2,160,000  and  the  average  from  five  samples  from  cows 
from  private  families  gave  7()5,000.  As  a  result  of  personal  observation 
regarding  the  care  given  to  milk,  animals,  vessels  and  the  surroundings 
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of  the  stableg  in  general,  we  can  not  recommend  the  use  of  unboiled, 
fresh  milk  in  Manila  obtainable  in  the  open  market  for  human  food, 
and  until  conditions  are  much  improved,  its  use  as  food  for  infants  seems 
almost  criminal. 

2.  Goats'  milk  is  to  some  extent  employed  in  Manila  a«  an  infant  food, 
but  the  supply  has  been  limited,  and  it  is  very  dirty  and  of  poor  quality 
as  it  is  put  on  the  market.     The  quality  is  shown  by  the  following  table: 

Table  No.  7. — Slewing  the  rendu  of  the  examination  of  eight  samples  of  ordinary 

goats^  milk  in  Manila, 


No. 

Specific 
gravity. 

1.082 
1.090 
1.085 
1.086 
1.034 
1.034 
1.035 
1.080 

Water. 

Solid8. 

Ash. 

Fat. 

Sugar. 

Pioteid.  ' 

1 

85.69 
84.11 
84.76 
86.66 
82.89 
85.48 
80.20 
88.08 

14.81 
15.89 
15.24 
18.84 
17.61 
14.52 
19.80 
11.97 

1.97 
1.82 
2.07 
2.07 
2.45 
2.00 
1.75 
2.02 

5.18 
6.56 
4.95 
8.04 
7.78 
5.01 
8.95 
4.41 

3.66 
4.18 
4.01 
8.77 
2.89 
8.81 
5.58 
1.02 

3.50 

8.38 

4.21 

4.46 

5.04* 

8.70 

3.57 

4.52 

2-_ 

8.__ 

4 _ 

5.. 

6 

7 

8 

Average.— 

1.088 

84.66 

15.83 

2.02 

5.78 

8.54 

4.05 

The  Government  has  recently  imported  some  milch  goats  from  Malta 
and  if  suitable  food  is  available  and  conditions  are  otherwise  found  to 
be  satisfactory  for  the  propagation  of  these  animals,  this  importation  will 
result  in  doing  much  good.  The  reaction  of  the  changed  environment 
upon  these  animals  is  still  problematical  and  a  study  of  the  milk  to  be 
obtained  from  them  after  acclimatization  remains  to  be  made.  Analvses 
of  seven  samples  of  milk  from  this  herd  after  the  animals  had  been  two 
months  in  Manila  are  given  in  the  following  table: 

Table  No.  8. — Showing  the  resmUt  of  tlie  examination  of  seven  samples  of  goats*  milt 
from  a  herd  of  Maltese,  goats  imported  Iry  the  Government, 


1. 
2. 

3. 
4. 

5. 
6. 
7. 


Specific    ^  ^ 
gravity.    *^*^^- 


Average... 


1.028 
1.029 
1.031 
1.030 
1.032 
1.030 
1.030 


87.97 
87.39 
86.96 
87.67 
87.97 
84.90 
86.97 


Solids 


12.03 
12  61 
13.04 
12.44 
12.08 
15. 10 
12.08 


Ash.       Fat.    I  Sugar. 


0.63 
.67 

.  uv 

.79 
.63 
.60 
.50 


4.78 
4.29 
4.88 
4.57 
8.24 
6.66 
4.88 


8.81 
4.84 
4.84 
8.45 

5.87 
4.40  ^ 
4.81  i 


Proteid. 


8.81 
8.31 
8.88 
8.08 
2.29 
8.44 
8.25 


1.029       87.10  I     12.90 


.64 


4.73  i      4.27 


8.23 


Averages  from  the  two  preceding  tables,  compared  with  those  of  goats' 
milk  given  by  one  American  and  one  Kuroi)can  author,  are  placed  in  the 
following  table  :^ 
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Tablb  No.  9. — Showing  comparison  between  remits  of  the  exambvatum  of  goats^  milk  as 

given  by  other  authors  and  as  determined  in  Manila. 


Kind  of  animal. 


American  goate  (Rotch) 
European  goats  (Kdnig) 
Maltese  goats  in  Manila. 
Native  goats  in  Manila.. 


Fat. 


4.80 
4.80 
4.75 
5.73 


Sugar. 


4.00 
4.40 
4.27 
3.54 


Total 
proteids. 


4.70 
4.80 
3.23 
4.05 


Casein. 


8.20 


Lact- 
albumin. 


1.10 


The  same  objections  as  those  already  mentioned  for  cows'  milk  must 
obtain  until  the  general  conditions  for  securing  and  caring  for  this  milk 
have  been  much  improved.  All  of  these  milks  as  they  appear  on  the  open 
market  are  exceedingly  dangerous  bacteriologically,  and  the  lack  of  large 
herds  makes  it  impossible  to  obtain  any  quantity  of  average,  mixed  milk, 

S.  Carabaos'  milk  is  extensively  used  as  an  infant  food  among  the 
poorer  people  and  it  is  the  least  adapted  to  this  puqipse  of  any  which 
we  have  as  yet  studied.  The  results  of  analyses  of  G  samples  of  cara- 
baos'  milk  made  by  Charles  L.  Bliss,  formerlv  of  the  Chemical  I-aboratorv, 
Bureau  of  Science,  are  given  in  the  following  table : 

Table  No.  10. — Showing  results  of  analyses  of  carabao  milks. 


1. 

2. 

3. 

4. 

5. 

6. 

Averages. 

Age  of  animal 

15  yrs. 

8moe. 

1.700 

1.040 

12.76 

8.62 

6.97 

.99 

24.34 

25.28 

74.72 

12.52 

18  yrs. 

2moe. 

1,550 

1.037 

9.56 

3.82 

6.75 

.09 

20.02 

20.83 

79.17 

11.28 

6  yrs. 
2  yrs. 

1.032 

18.22 

8.84 

6.78 

.90 

24.24 

24.24 

75.76 

11.02 

8  yrs. 
lyr. 

1.032 

11.56 

2.90 

6.84 

.82 

21.62 

22.52 

77.48 

10.96 

16  yrs. 

4mos. 

1,000 

1.088 

8.65 

4.19 

5.54 

.86 

19.23 

19.92 

80.08 

11.27 

10  yrs. 

7mo8. 

1,600 

1.089 

8.86 

4.50 

5.46 

.86 

19.17 

19.79 

80.21 

11.43 

Affe  of  calf 

Amount  of  milk 

Specific  gravity 

Fit ^ 

Sugar 

1.086+ 
10.68 
8.78 
6.81 

Proteid  _.    

Ash 

.88 

Total 

Solids  by  evaporation  .. 
Water 

21.44 
22.09 
77.90 
11.41 

Solids  not  fat 

Two  sampleR,  3  and  4,  were  treate<l  with  dilute  hydrochloric  acid.  The 
coagulum  found  was  compared  with  that  produce<l  in  fresh  cows*  milk  similarly 
treated.  To  10  cubic  centimeters  of  eacli  of  these  milks  5  drops  of  hydrochloric 
acid  of  1.12  specific  gravity  were  added  and  the  whole  heated  to  37-38"  C.  Both 
carabao  milks  became  solid  immediately.  The  coagulum  very  clo«ely  resembled 
that  produced  by  rennet  in  cows*  milk.  The  result  with  the  cows*  milk  was  neg- 
ative. This  would  indicate  that  carabao  milk  would  neetl  to  l)e  diluted  con- 
siderably for  infants*  feeding,  as  it  would  coagulate. 

Carabaos'  milk  as  it  is  obtained  and  marketed  in  Manila,  is  about  as 
dangerous  and  dirty  a  mixture  as  it  is  possil)le  to  have.  Bacteriologically, 
it  is  excessively  contaminated  and  chemically  it  is  not  easy  properly  to 
modify  for  the  use  of  infants. 
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(C)    PRK8BBVBD   MILKS. 

A  great  variety  of  these  are  imported  into  Manila^  and  in  enormous 
quantities.  The  records  of  the  Bureau  of  Customs  show  that  4,041,703 
pounds  of  condensed  milk,  with  an  approximate  value  of  1^800,000  and 
59,809  gallons  of  fresh  milk,  with  an  approximate  value  of  ^147,000 
were  importcnl  into  Manila  during  the  year  1906. 

The  following  Table  No.  11  shows  the  principal  brands  on  the  market, 
with  the  results  of  the  analyses  of  samples,  each  obtained  in  the  open 
market : 

Table  No.  11. — Sfiowiiig  regults  of  analyses  of  samples  obtained  in  the  open  market 
of  some  of  tlie  most  generally  used  presen}ed  milks  in  Manila,^ 


Name. 

Speci- 
fic gra- 
vity. 

Water. 

Solids. 

Ash. 

Fat 

Sugar. 
4.06 

Pro- 
teid. 

1 

Remarks. 

Bear  milk  ..    — 

1.029 

87.87 

12.18 

0.67 

4.27 

8.07 

Average  from   8   samples. 

1 

1 

Sterile.     No    ooncentim- 

tion;  no  adolteranta.           j 

Dragon  milk  — 

1.029 

87.  M 

12.38 

.76 

4.12 

4.85 

8.U 

Do. 

Weribest  milk- 

1.082 

88.20  1  11.20 

1 
1 

.71 

8.24 

4.75 

8.10 

Sterile:   no  coneentimtion: 
no  adulterants. 

Highland  evapo- 

••1.077 

70.61 

29.88 

1.80 

7.86 

11.18 

8.40 

Aversge     of     8     samples. 

rated  cream. 

Sterile;  concentrated;  no 
adulterants. 

Bear      concen- 

n.040 

70.96 

29.06 

1.76 

9.67 

9.79 

7.84 

Sterile;    oonoentrated;    no 

trated. 

adulterants. 

Bear  cream" 

.948 

66.96 

44.09 

.46     38.07 

8.22 

2.29 

Aversge   from   2  samples. 

Sterile:  slightly   concen- 

trated; no  adulterants. 

Anstralian 

»»1.0«» 

60.85 

89.15 

2.82 

14.00 

13.52 

9.31 

Cold  storage.  Concentrated. 
Contained    a    compound 
of  boron.    8  samples. 

Sego  evaporated 

••1.033 

78.25 

26.75 

1.45  1  10.08 

8.29 

6.95 

Sterile;    concentrated:     no 

cream. 

adulterants. 

Tiilip     evapo- 

»1.034 

71.18 

28.82 

1.67 

10.91 

9.20 

7.14 

Do. 

rated  crcaim. 

St.  Charles  evap- 

M.076 !  70.68 

29.42 

1.88 

7. 96 

11.34 

8.21 

Do. 

orated  cream. 

Pet    evaporated 

M.034 

72.00 

28.00 

1.20 

9.75 

9.91 

7.14 

Do. 

cream. 

• 

Cow«'  head  evap- 

»»1.01 

67.58 

32.42 

1.80 

10.88 

12. 19 

8.10 

No  preservatives.    Concen- 

orated cream. 

trated;  sterile.                      1 

Ideal         evapo- 

   fi8.27 

__— .- 

1.85  1  10.10 

11.03 

7.36 

Sterile;    concentrated:     no 

rated  cream. 

1 

adulterants. 

•Since  this  table  was  prepaRKl  a  number  of  other  milkft  have  been  received  and  their  analyses  wil  t 
be  found  in  Table  No.  14. 
»» Diluted  one-half, 
f  One  sample  of  this  rream  coiitaint'd  9.(X»  \h}t  rent  of  HUgnr  and  20.8.'>  per  cent  fat. 
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Table  No.  12. — Showing  resxiil  of  examination  of  samples  obtained  in  the  open  market 
of  some  of  the  most  generally  used  sweetened,  condensed  milks. 


Name  of  condensed 
milk. 


Nestles 

Eagle 

Milkmaid  ^ . 
Perfection.. 


Meadow  bnmd 

Gold  seal 


Totel 
solids. 


25.25 
28.41 
27.48 
26.86 


23.68 
15.28 


Water. 

Ash. 

1.84 

1.80 

72.57 

1.73 

78.14 

1.94 

74.37 
84.77 

1.80 
'l.75 

Fat. 


10.62 

8.44 

9.63 

.50 


4.00 
8.25 


MUk 
sugar. 


12.53 
11.69 
11.00 
12.06 


11.55 
9.75 


Pro- 
teid. 

Cane 
sugar. 

7.90 

40.56 

7.28 

41.52 

4.33 

45.88 

8.54 

50.10 

8.70 

48.32 

7.46 

56.57 

Remarks. 


Analyzed  by  Chapin.* 
Do. 

Milk    solids.    26.69. 

Milk  solids,  23.04.  A  con- 
densed and  sweetened 
skimmed  milk. 

Milk    solids.    26.05. 

Milk  solids,  27.21. 


•Chapin:  Theory  and  Practice  of  Infant  Feeding.    Second  edition. 
^This  milk  is  popularly  known  as  the  "Seiiorita  brand." 

The  milks  which  have  been  tabulated  above  fall  into  three  principal 
classes;  one  of  partially  concentrated  milks, sterilized, bottled, shipped  and 
kept  in  cold  storage,  another  of  pure  cows'  milk  canned  without  any  other 
alteration  than  simple  sterilization  by  heat,  and  the  last,  of  the  various 
types  of  condensed  milks,  including  the  so-called  evaporated  creams. 

1.  Cold  storage  milk, — The  only  brand  of  this  milk  on  the  market  is 
the  "Australian"  which,  as  the  name  implies,  is  brought  from  Australia 
and  the  analyses  of  samples  are  given  in  Table  No.  11.  It  is  a  con- 
centrated milk  and  the  three  samples  analyzed  contained  a  compound  of 
boron. 

2.  Sterilized,  uncondensed  milks  are  sold  in  Manila  in  five  brands,  and 
analyses  of  samples  of  all  are  given  in  Tables  Nos.  11  and  15  and  the  ac- 
companying footnote.*  These  are  all  free  from  adulterants  and  pre- 
servatives and,  as  may  be  noted  from  the  table,  they  are  without  exception 
excdlent,  mixed  milks.  To  judge  from  the  homogeneous  distribution 
of  the  fat  and  from  other  considerations  it  is  probable  that  at  least  a 
portion  of  each  of  them  consists  of  goat's  milk.  The  proteid  constituents 
ot  this  type  have  not  as  yet  been  carefully  examined,  but  preliminary 
experiments  make  it  appear  probable  that  the  casemogen  radical  is  con- 
siderably in  excess  of  the  normal  amount  in  human  milks,  as  is  true  in 

-ftll  other  milks  from  the  lower  animals.     However  this  may  be,  they  are, 

'^^lien  properly  modified  upon  a  percentage  basis,  very  satisfactory  as 

^Xifant  foods,  giving  as  good  results  as  may  be  obtained  with  any  sterilized 

^c>od.     If  one  of  the  three  brands  of  pure  canned  cream  on  the  market 

•Since  this  article  was  finished  two  new  milk  products  have  appeared  upon  the 
^^«nila  market,  namely,  "Xatura"  and  "Butterfly"  brands.     Analj'so?*  of  samples 
these  two  brands  are  as  follows: 


Name. 


Natnra  milk... 
Natnra  cream . 
Butterfly  milk. 


Specific 


gS^ity.  !  ^'^^''- 1  »^'»d«- 


1.030 


Butterfly  cream 


87.00 
05. 57 
87.24 


13.00 
34.43 
12. 7ri 
35.08 


A.sh. 


0.69 
.54 
.73 
.  r.2 


Fat. 

3.22 
27. 13  ' 

2.92 
2<).95  I 


Sugar. 

Proteid. 

6.22 

2.87 

4.34 

2.42 

6.95 

2. 16 

4.00 

3.  51 
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is  used  with  them,  any  reasonable  percentage  formula  may  be  obtained, 
as  will  be  shown  in  chapter  four,  and  by  the  use  of  such  combinations 
many  small  patients  in  Manila  who  are  difficult  to  feed  may  be  materially 
benefited. 

S,  Condensed  whole  milk. — There  is  a  considerable  rarietv  of  this  class 
of  preserved  milks  on  the  market  (see  Tables  Nos.  11  and  15) ;  many 
are  good  and  sonjc  are  made  from  a  poor  quality  of  milk,  and  in  a  few 
instances  substances  Iiave  been  added  which  mav  be  deleterious  to  the 
health  of  the  consumer.  These  ])ran(ls  are  verv  extensively  advertised 
and  used  throughout  the  Orient  for  cooking  and  other  household  purposes 
and  as  a  food  for  infants.  They  may  be  so  modified  for  the  latter  purpose 
by  the  percentage  method  as  to  make  ver^'  good  substitutes  for  fresh  milk, 
but  when  they  are  simply  diluted  seven  to  fourteen  times  with  water,  a 
proceilure  often  recommended  and  very  generally  practiced  here,  they 
are  much  too  low  in  fat  for  tlie  proper  nourishment  of  the  infant.' 

Jf.  Condensed  milk,  sweetened  or  otherwise  modified, — Analyses  some 
of  which  are  quoted  and  others  made  in  this  laboratory  of  samples  of  the 
principal  brands  of  this  class  on  the  Manila  market  are  given  in  Tables 
Xos.  12  and  15.  Many  are  honest  products,  and  when  they  are  diluted 
and  modified  on  a  percentage  basis,  they  may  ])e  used  in  the  absence  of 
more  satisfactory  food.  These  milks  all  contain  large  percentages  of 
cane  sugar  and  from  some  of  them  a  portion  of  the  natural  cream  has- 
been  removed  before  the  process  of  condensation  was  l)egun. 

5.  Malted  milks. — There  are  two  varieties  on  the  market,  and  copies  oF 
analysts  of  samples  of  both  are  given  in  Table  No.  13.  These  foods  are- 
extensively  employed  in  the  Philippine  Islands  and  with  proper  modi- 
fications, thev  can  be  altered  so  as  to  be  used  as  infant  foods  in  man\' 
instances.  The  greatest  objection  to  them  lies  in  the  large  amount  of 
insoluble  carbohvdrates  which  thev  contain. 

6*.  Cream. — There  are  three  brands  of  cream  sterilized  in  tins  on  the 
market  and  analyses  of  samples  are  given  in  Table  No.  12  and  footnote 
page  373.     They  are  most  useful  articles  in  preparing  percentage  food? 
from  preserved  milks,  because  of  the  high  fat  percentage  (26-|-  to  38+ 
per  cent)  and  the  low  proteid  content  in  two  of  them. 

"  Many  of  the  so-called  brands  of  evaporated  creams  are  merely  unsweetened 
condensed  milks,  having  something  of  the  consistency  and  appearance,  but  not 
the  taste  or  physical  characteristics  of  cream.  It  is  asserted  by  some  that  con- 
centration to  give  a  sullicient  amount  of  fat  warrants  the  term  "cream"  as  distinct 
from  milk,  and  that  it  really  makes  the  product  cream,  and  not  condensed  milk; 
hut  cream  does  not  contain  abnormal  amounts  of  ca.sein,  lactose  and  mineral 
nuitters,  for  it  is  notliing  more  or  less  than  milk  containing  an  excess  of  butter 
fat.  The  "evaporated  creams"  contain  as  many  times  the  normal  percentages  of 
all  tlie  constituents  of  milk  as  tliere  are  volumes  of  milk  condensed.  It  is  true 
that  in  each  case  a  statenu^nt  appears  on  tlie  lal)el  that  the  "cream"  is  an 
unsw(»oteneil  condensed  milk,  but  this  information  is  generally  given  in  such  a 
wav  as  not   to  attract  attention. 
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(d)   POOD6  OTHER  THAN  MILK. 

We  have  homemade  and  imported  varieties  and  diluent*;  of  this  class. 

1.  The  homemade  foods  of  the  Philippine  Islands  are  considerable  in 
number;  for  the  greater  part  thev  consist  of  starch  and  sugar  mixtures. 
Some  of  these,  which  are  more  or  less  peculiar  to  the  country,  may  be 
mentioned.  The  rice  stick  which  was  referred  to  above,  if  it  were  care- 
fully made  and  not  fed  to  children  too  early  in  life  would  compare  favor- 
ably in  value  with  some  of  the  other  starch  and  sugar  preparations  which 
sell  for  high  prices. 

Coconut  milk  is  used  in  the  Philippines  to  a  limited  extent  as  a  food 
for  infants.  No  literature  on  the  subject  is  to  be  found  here,  but  the 
habit  of  using  it  is  certainly  peculiar  to  people  of  the  Tropics.  The  com- 
position of  this  substance  varies  much  with  the  age  of  the  coconut  from 
which  it  comes.  Walker  *  notes  some  of  its  peculiarities  and  gives  a 
few  analyses,  which  however  were  not  made  with  a  view  of  detennining 
its  nutritional  value  as  an  infant  food.  This  question  should  be  carefully 
investigated,  for  coconuts  are  everywhere  present  in  the  Philippine 
Islands  and  it  is  very  probable  that  a  valuable  enzymic  diluent  or  even 
food  may  be  found  in  them.  The  country  contains  many  fruits  which 
should  contain  substances  much  needed  in  those  food  mixtures  which  are 
sterilized,  and  which  therefore  are  free  from  enzvmes. 

2,  Imparted  foods  other  than  milk  are  not  as  yet  used  to  the  same 
extent  as  they  are  in  many  other  countries,  but  there  are  several  varieties 
on  the  market,  some  of  these  are  good  in  the  sense  that  they  are  honestly 
made.  Analyses  not  made  in  this  Laboratory  of  a  few  which  are  used 
in  greatest  quantity  in  Manila  will  be  found  in  the  following  table: 

Table  No.  13. — Showing  analyses  of  imported  foods  other  than  milk. 


I 

I- 


Name. 


AUenbury'8  food  No.  1 

^Uenbnry's  food  No.  2 

JSorliclu  malted  milk. 

>«rcstles  milk  food 

Stfelliiu  food 

C^rmickn  soluble  food 

imperial  granum .__ 

^Kiidges  food _. 

^Blealth  Fofid  Companies  bar- 
ley. 

^Bobinaon's  patent  barley 

^Bordens'  malted  milk 


Analyst. 


Moist- 
ure. 


Chapin . 

do.. 

do.. 

do.. 

do.. 

do.. 

do_. 

do.. 

do.. 

do.. 

Holt.... 


5.70 
3.90 
2.55 
2.18 
4.72 
6.69 
6.04 
8.12 
10.92 

9.41 
3.25 

•starch. 


Fat.     Pioteids. 


14.00 

12.90 

1.41 

4.45 

.30 

2.18 

.72 

.48 

.89 

.41 
5.41 


9.70 
9.20 
14.00 
10. 72 
10.10 
16.60 
13.77 
13.83 
6.98 

7.46 
14.04 


Soluble 
carbohy- 
drates. 


66.85 
72.10 
63.87 
43.84 
82.06 
38.21 
3.94 
5.02 


2.91 


Insoluble 
carbohy- 
drates. 


15.68 
•35.34 


88.54 
67.46 
69. 24 
80.35 

78.66 


74.31 


A.sh. 


3.75 

3.50 

3.57 

1.60 

3.50 

2.78 

.49 

.53 

.86 

.94 
2.99 
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S.  Dihtenls  are  inoRt  important  aid8  in  infant  feeding  and  they  deserve 
especial  notice  here,  l>ecauge  of  tlio  necessity  for  care  a:^  to  the  quality 
of  water  and  of  the  other  substancea  used.  The  following  Table  So.  14 
gives  the  contents  of  a  few  of  the  principal  diluents  need  in  preparing 

foods  for  infants. 

Table  No.  14 — Giving  nnalytrx  of  a /nrditufttt*  for  babg  food  (Uilxnfivm  Rotdt). 


rntoUnctf. 

■— ■ 

& 

Adt 

*»L 

fro- 
tald. 

in. 

IDlD. 

e«f. 

"*"* 

;!  at.  rooked  1  hour.  Iln- 
lsh«i  prortuL-i  1,«»  IX- 

3  OL  nmked  1  hour,  fln- 
Uhi-dpro<l«..-l  1.000  cc. 

S  o».  eooki-d  i  hour,  fln- 

1-hed  product  1,000™. 

S.21 

CM 

.n 

0.0s 
.11 

-03 
.« 

0.41 

.47 
.M 
.« 

— 

— ' 

._-. 

B.rl.y  ...... 

water. 

— 

&oa 
&.10 

mnk. 

0.W 

The  contents  of  these  diluents  is  not  generally  considered  in  percentage 
feeding,  but  in  feeding  infants  in  the  Tropics,  where  the  percentages  are 
not  OB  accurate  as  they  are  at  home,  it  appears  more  advisable  to  include 
the  contents  of  such  substances  as  barley  water  when  making  the  calcula- 
tions for  percentages. 

Coconut  water  as  a  diluent  has  already  briefly  been  noticed,  and  it 
would  seem  advisable  to  study  this  pubstanec,  as  well  as  some  others  of 
local  use,  to  ascertain  their  value  and  action  upon  the  digestive  tract  of 
children. 

There  is  now  a  voluminous  literature  on  the  employment  of  a  solu- 
tion of  sodium  citrate  as  a  modifier  of  the  curd  in  cows'  milk  used  for 
infant  feeding  and  its  gn^at  value  in  this  rcspixrt  has  been  amply  demon- 
stratoil.  It  is  not  generally  employed  in  the  Philippines  and  we  would 
urge  physicians  to  look  more  carefully  into  its  merits.  Limewater  while 
an  excellent  modilier  of  the  cows'  milk  curd  in  certain  cases,  U  too 
extensively  given  and  is  often  employed  in  too  gn^t  a  coucentration. 


Facts  arc  expressed  conservatively  in  stating  that  for  the  last  four 
curs  ail  nvcnifjc  of  'i.'M>  children  under  1  year  of  age  have  diet!  annually 
;i  the  city  o{  Miiiiiln  for  wmit  of  sufficient  or  prn[jer  food. 
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The  elucidation  of  the  technical  problems  in  this  connection  is  for 
members  of  the  medical  and  chemical  professions.  A  study  of  the  avail- 
able supply  of  infant  food  in  Manila  is  necessary  and  in  the  preceding 
paged  an  effort  in  this  direction  has  bei»n  made,  but  the  weapons  provided 
by  this  discussion  are  to  be  used  by  all  the  people.  A  successful  adminis- 
tration looking  to  the  improvement  of  conditions  can  only  be  furnished 
by  extensive  organization  and  education.  Members  of  our  profession  in 
Manila  are  often  indifferent  in  questions  of  infant  feeding.  This  is 
shown  by  the  fact  that  there  are  but  very  few  records  of  examinations  of 
milks,  either  human  or  animal,  to  determine  their  nourishing  properties, 
to  be  found  in  the  laboratories  of  the  city. 

There  is,  therefore,  entirely  too  much  left  to  chance  in  the  composition 
of  the  foods  recommended  and  not  enough  adjustment  of  food  values  to 
special  conditions  as  they  are  represented  by  individual  patients.  Di- 
rections should  be  very  specific  and  given  in  writing.  It  is  not  enough 
to  order  a  mixture  of  condensed  milk  and  limewater  to  be  given  from  a 
boiled  bottle.  The  average,  or  even  the  most  ignorant,  mother  knows 
how  to  prepare  such  mixtures  herself,  as  she  can  read  the  directions  on 
the  label  of  the  can  of  milk.  We  must  far  more  closely  study  each 
infant  and  order  a  food  which  will  properly  nourish  the  child  or  remove 
the  abnormal  condition. 

The  service  of  one  of  us  at  St.  Paul's  Hospital  has  shown  some  of  the 
most  serious  of  errors  in  very  general  use,  one  which  we  wish  especially 
to  call  attention  to,  namely  the  use  of  excessive  quantities  of  limewattT 
as  a  diluent.  This  is  a  very  common  practice,  and  many  of  the  patients 
suflfering  from  proteid  starvation  and  chronic  diarrhoea,  marasmus, 
gastric  atony,  etc.,  are  more  apt  to  have  the  trouble  caused  by  an  exces 
of  lime  than  by  any  inherent  difficulties  in  the  milk  administered. 

The  preparation  of  infant  foods  for  all  kinds  of  the  many  conditions 
encountered  is  a  difficult  task,  which  can  best  be  undertaken  by  milk 
laboratories  similar  to  those  now  in  use  in  many  American  and  European 
cities.  This  procedure  would  cost  a  considerable  amount  of  money,  but 
with  organization  and  education,  funds  might  become  available  either 
through  the  Government  or  by  gifts  from  philanthropic  sources. 

A  discussion  of  the  conditions  confnmting  us  in  Manihi  together  with 
analyses  of  food  stuffs  has  been  given  in  chapter  three,  and  in  order  to 
give  a  more  clear  understanding,  the  following  Table  No.  15,  representing 
a  majority  of  the  varieties  of  food  supply  obtainable  in  Manila,  is 
inserted. 
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Table  No.  15. — tShxnring  the  essential  facts  taken  from  analyses  of  samples  of  milks  and 
other  most  generally  used  infant  foods  available  in  Manila  together  with  some  normal 
working  standards. 


Substance. 

Fat. 

Milk 
sugar. 

Total 
proteid. 

Case- 
in. 

lACt 

albu- 
min. 

Soluble 
car- 
bohy- 
drates. 

Insolu- 
ble car- 
boby- 
drates. 

Average  human  milk  (Rotch)  •___ 

Average  human  milk  (Konig)  ■ 

Average  milk,  Caucasian  woman, 

Manila. 
Average  milk,  Filipino  woman— 

Of  better  class,  Manila  ___ 

Of  lower  class,  Manila 

Average  cows'  milk  (Rotch)* 

Average  cows'  milk  (Konlg)* 

Average  cows'  milk,  Manila 

Average  goats'  milk  (Rotch)  • 

Average  goats'  milk  (Konig)  • 

Average  goats'  milk: 

Native.  Manila 

3.00-4.00 
8.80 
4.24 

5.38 
8.07 
4.00 
8.70 
2.82 
4.80 
4.80 

5.78 

4.75 

10.65 

4.27 

4.12 

3.24 

88.07 

7.96 

7.86 

10.08 

10.91 

9.67 

14 

9.75 

10.33 

10.10 

10.62 

8.44 

9.63 

8.25 

.50 

1 

1          ^ 
14 

12.30 

4.45 

.80 

2.18 

'            .T2 

.48 

.89 

.41 

5.41 

1  1.41 
.08 

'            .11 

.02 

.04 

.     .05 

6.00-7.00 
6.20 
6.68 

6.83 
7.98 
4.75 
4.90 
4.21 
4.00 
4.40 

8.54 

4.27 

8.78 

4.06 

4.35 

4.75 

8.27 

11.84 

11.18 

8.29 

9.20 

9.79 

18.52 

9.91 

12.19 

11.08 

12.58 

11.69 

11 

9.75 
12.06 
11.65 

1.00-2.00 
2.30 
1.45 

1.45 
1.29 
8.50 
3.50 

0.59 
1.00 

1.28 
1.80 

1 

2.66 
S.OO 

.84 
.50 

8  15  j  4.70 

4.70 
4.30 

4.05 
8.28 
6.31 
3.07 
3.11 
8.10 
2.29 
8.21 
8.40 
6.95 
7.14 
7.84 
9.81 
7.14 
8.10 
7.86 
7.90 
7.23 
4.88 
7.46 

3.20 

1.10 

Maltese.  Manila 

t 

Average  carabao's  milk 

•♦Bear  milk" 

"Dragon  milk" 

"Weribest  milk" 

"Bear  cream" 

"St.  Charles  evaporated  cream"  __ 

"Highland  evaporated  cream" 

"Sego  evaporated  cream" 

"Tulip  evaporated  cream" 

"Bear  concentrated  milk" 

Australian  (cold  storage) 

1 

"Pet  evaporated  cream" 

"Cow's  head  evaporated  cream".. 

"Ideal  evaporated  cream" 

"Nestles  condensed  milk". 

040.56 
041.52 
045.88 
057.66 
050.10 
048.82 
066.85 
072.10 
048.84 
082.06 
038.21 
08.94 
05.02 

"Eagle  condensed  milk"  * 

"Milkmaid  condensed  milk" 

"Gold  seal  condensed  milk" 

"Perfection  condensed  milk" 

"Meodora  condensed  milk" 

"Allenbury's  food  No.  1"  ■ 

...*»««*» 

8.54 

8.70 

9.70 

9.20 

10.72 

10.10 

"Allenburv's  food  No.  2">_-. 

"Nestles  milk  food"  •    . 

•85.84 

"Mellins  food"  • _ 

"Carmicks soluble  food"* 

16.60 

13.77 

13.83 

!          6.98 

«88.54 
*67.46 
«69.24 
<80.S5 
'78.66 

"Imnerial  granum"* 

"Ridfire's  food"  •    .       

"Health  Food  Companies  barley"  • 

"Robinson's  patent  barley"  • 

"Borden's  malted  milk"* 

1 
J 

7.46 
14.04 
14 
.41 

02.91 



74.81 
63.87 

"Horlick's  malted  milk"  • 

Oat  meal  water  ( Rotch  )• 

Do.*                  

015.68 

<'2.99 
•4.58 
*2.88 
'4.43 

.47 
.54 

1 j 

Barley  meal  water  (Rotch)* 

Do         — - 

1            1 

.68 
3.55 

Fat  free  cows'  milk  (Rotch)* 

Whev  from  cows'  milk  (Rotch)* 

5 
5.10 

1 

.90 

*  Analysis  not  made  in  this  laboratory. 


0  Cane  sugar. 


0  Starch. 
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It  has  been  shown  that  fresh  milk  is  practically  at  present  eliminated 
from  our  armamentarium,  and  with  this  fact  before  us  text-books  on 
infant  feeding  become  almost  valueless  just  at  the  point  where  our 
problem  begins.  This  condition  is  of  course  largely  responsible  for  the 
confusion,  each  man  being  to  a  great  extent  thrown  upon  his  own 
resources. 

The  most  generally  used  foods  among  the  better  classes  have  mainly 
l)een  the  so-called  evaporated  creams,  diluted  four  to  ten  times  with 
water,  with  perhaps  the  addition  of  an  indefinite  amount  of  limewater 
and  sugar.  When  diluted  sufficiently  to  give  a  suitable  proteid  percent- 
age, the  fat  and  sugar  are  far  below  the  requisite  amount.  While  the 
addition  of  milk  sugar  or  cane  sugar  makes  up  one  of  the  deficiencies, 
the  fat  percentage  remains  low,  and  as  a  result  constipation  and  other 
defects  of  nutrition  are  very  frecjuently  observed.  In  many  instances 
various  mixtures  of  milks  and  of  foods  containing  starch  and  sugar  are 
concocted;  these  overcome  the  constipation,  but  they  still  leave  the  fat 
deficient,  or  the  proteids  too  high  and  thus  other  and  more  serious  dis- 
turbances arise. 

Inasmuch  as  conditions  are  such  as  to  make  the  employment  of 
preserved  milks  imperative  in  the  feeding  of  infants,  it  is  necessary  to 
use  these  substances  to  the  best  advantage.  To  accomplish  this  end  our 
experience  has  shown  us  that  it  is  better  to  disregard  the  claims  and 
directions  of  the  milk  manufacturers,  to  analyze  their  })roducts  carefully 
and  by  careful  combinations  to  innUiutp  percentage  feeding  with  the  use 
of  these  artificial  foods.  It  is  remarkable  what  may  be  done  in  this  way 
with  patients  presenting  the  greatest  difficulties  in  feeding. 

However,  in  order  to  secure  the  best  results  mth  this  percentage  feeding 
of  artificially  prepared  milks  a  most  important  prerequisite  is  constantly 
to  impress  upon  mothers  and  nurses  the  necessity  of  the  supervision  of 
the  physician.  It  is  justifiable  to  explain  to  the  mother  that  feeding  of 
the  infant  is  a  more  strictly  medical  matter  than  is  even  medical  supervi- 
sion at  the  birth  of  the  child.  Absolutely  nothing  should  be  fed  except 
what  is  prescribed  in  writing  by  the  physician  and  if  members  of  the 
family  are  taught  this  from  the  birth  of  the  infant  and  their  confidence 
is  assured  by  a  carefully  prepared  formula  for  fc^^ling,  i)ut  little  difficulty 
will  be  experienced  in  controlling  the  situation  and  insuring  the  health 
of  many  babies  who  would  otherwise  perish  from  dietetic  errors.  For 
this  percentage  feeding  in  Manila  our  armamentarium  consists  })rin- 
cipally  of  the  following  substances : 

1.  Plain,  sterilized,  uncondensed  milks:  There  are  five  brands  on  the 
market. 

2.  Pure  creams:  TIkmv  are  three  brands  on  the  market. 
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3.  Sugars:  Ijactow  and  saccharose. 

4.  Diluents :  The  usual  varieties  of  barley  water,  oat-iueal  water,  lime- 
water  and  sodium  citrate  solutions. 

5.  Peptonized  milks,  butter  milks,  fat  free  milk  and  the  other  usual 
modifications  of  fr^sh  milk  may  nearly  all  be  made  in  a  fairly  satisfactory 
manner  from  the  fresh,  sterilized  milks  mentioned  above  by  the  use  of 
appropriate  ferments  and  other  methods. 

6.  In  place  of  the  plain  sterilized  milks,  condensed  whole  milks  or 
the  so-called  evaporated  creams  which  are  in  reality  only  condensed  whole 
milks,  may  be  used  provided  the  percentage  method  of  dilution  is  used 
and  the  deficient  fat  made  up  by  the  addition  of  cream. 

7.  In  special  cases  and  where  price  is  an  object,  the  condensed  sweet- 
ened milks  may  be  used  by  following  the  percentage  methods  in  dilutions 
and  by  the  addition  of  cream  to  replace  the  deficient  fat. 

All  the  milks  which  have  been  mentioned  have  been  carefully  analyzed 
either  in  this  laboratory  or  by  other  authorities  and  the  averages  shown 
in  Tables  Nos.  11  and  15  may  be  used  as  sufficiently  accurate  for  practical 
purposes. 

By  using  these  averages  and  figuring  on  100  cubic  centimeters  of 
finished  product  as  a  percentage  basis,  calculations  are  easily  ipade  and 
the  only  vessel  necessary  in  preparing  the  food  is  a  clean,  graduated,  glass 
cylinder}  one  of  1,000  cubic  centimeters  capacity  will  be  found  most 
useful. 

The  rich,  tinned  creams  do  not  keep  very  well  after  the  can  is  open 
and  for  that  reason  it  is  well  to  prepare  an  entire  day's  feeding  at  one 
time,  fill  it  into  the  necessary  number  of  clean  nursing  bottles,  plug  with 
cotton  and  keep  in  the  ice  box  until  ready  for  use. 

Some  prescriptions  for  percentage  feeding  are  given  below,  but  in 
order  to  make  the  subject  still  more  clear  the  following  example  is 
submitted. 

Suppose  it  is  desired  to  give  an  infant  1^  months  old,  eight  feedings 
of  100  cubic  centimeters  each  in  twenty-four  hours,  each  feeding  to 
contain  fat  4  per  cent,  sugar  7  per  cent  and  proteid  1  per  cent.  By 
simple  calculation  or  by  reference  to  the  Cox  chart  number  1  we  find 
that  1  per  cent  proteid  and  4  per  cent  fat  may  be  obtained  by  using 
24  cubic  centimeters  of  one  of  the  above-mentioned  sterilized  milks  and 
11  cubic  centimeters  of  one  of  the  27  per  cent  creams  or  7^  cubic  centi- 
meters of  the  38  per  cent  cream  to  each  100  cubic  centimeters  of  finished 
product,  or  192  cubic  centimeters  of  milk  and  88  or  CO  cubic  centimeters 
of  cream  for  the  entire  day^s  feeiling  of  800  cubic  centimeters.  Simple 
calculation  shows  that  this  substance  will  contain  but  1.6  per  cent  of* 
sugar  and  this  deficiency  may  be  made  up  by  the  addition  of  5.4  grams 
of  milk  sugar  per  100  cubic  centimeters  of  finished  product. 
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Having  determined  the  neeessarv  amounts  of  the  different  substances 
to  be  used  in  the  finished  product,  a  prescription  should  be  written 
showing  these  amounts  and  the  i)ercentagc^  of  each  ingredient.  The 
mixture  is  best  made  in  the  following  manner : 

Place  the  necessary  amount  of  distilled  or  boiled  water  in  the  graduate,  add 
the  milk  sugar  and  stir  with  a  clean  j^lass  rod  until  solution  is  complete,  next 
add  the  requisite  amounts  of  milk  and  cream  and  stir  again.  Finally,  add  the 
liraewater,  sodium  citrate  or  other  modifier,  stir  and  pour  the  product  directly  into 
the  necessary  number  of  clean  nursing  bottles,  stopjier  with  clean  cotton  and  place 
in  the  ice  chest  until  ready  for  use. 

When  using  sodium  citrate  in  the  food  it  is  best  to  prescrilie  a  3 
or  5  per  cent  solution  to  which  a  few  drops  of  chloroform  have  been  adde<l 
to  prevent  bacterial  decomposition. 

With  little  care,  any  reasonable  percentage  food  may  be  made  according 
to  the  above  method  and  we  need  not  at  this  day  emphasize  the  confidence 
with  which  such  known  percentages  are  fed,  nor  the  excellent  control 
which  a  knowledge  of  just  what  the  infant  is  being  fed  gives  us  over 
many  of  the  more  frequent  disturbances  which  focxl  often  causes  in 
infants. 

Both  the  manner  of  percentage  feeding,  and  its  results  may  be  further 
shown  bv  a  few  illustrative  castas. 

Case  1. — Four  months  old,  iceight  .9i  pounds,  anaemic,  wiisted,  diarrhira  with 
excoriations  about  anus,  mucous  membranes  of  mouth  red  and  inflamed,  abdomen 
prominent,  vomiting  of  food^  fretful  atid  crying  much  of  the  time.  Percentage 
feeding  instituted  tcith  rapid  gain  in  weight  and  complete  recovery. 

This  baby  was  a  normal  child  at  birth,  weighing  8  pounds.  The  mother*8  milk 
wa«  reported  to  be  deficient  in  quantity  from  the  beginning  but  no  examinations 
were  made.  At  2  weeks  of  age  alternate  feedings  of  breast  milk  and  a  certain 
condensed  milk  were  instituted,  the  milk  being  prepared  according  to  the  direc- 
tions of  the  manufacturer.  No  improvement  followed  and  at  5  weeks  of  age 
another  milk  was  tried.  Still  the  baby  failed  to  improve  and  during  the  next 
ten  weeks  the  giving  of  still  another  brand  of  artificial  food  was  instituted. 
When  the  baby  came  under  our  observation  a  dose  of  castor  oil  was  given  and  all 
food  withheld  for  twenty  hours,  after  which  a  prescription  was  given  of  sterilized 
milk,  pure  27  per  cent  cream,  milk  sugar  and  sodium  citrate  in  such  pro|)ortions 
a»  to  give  a  little  less  than  the  normal  percentage  of  fat,  sugar  and  proteid.  The 
child  enjoyed  the  fowl,  did  not  vomit  and  improvement  was  rapid  from  the  date 
tlie  feeding  was  instituted.  Hy  altering  the  amounts  of  "milk"  and  "cream"  which 
M'ere  used,  the  percentages  of  the  fat.  sugar  and  proteid  were  changed  so  that  at 
5)  months  of  age  the  child  was  taking  normal  amounts  and  was  in  excellent 
health;  he  passed  from  observation  at  8  nnrnths  of  age.  A  study  of  the  mother's 
fttatements  about  the  amount  and  kind  of  fcKxl  previously  given  in  connection  with 
the  analysis  given  in  Table  No.  1.")  shows  that  this  baby  liad  iKt'n  receiving  too 
much  proteid  (3^  per  cent)  and  sugar  (8  per  cent)  and  not  enough  fat  (1.8  per 
«ent),  and  in  addition  10  per  cent  limewater  was  lieing  used. 

Case  2. — Four  months  of  age,  weight  IJ  fH)unds.  fretful  ami  crying,  fontanelles 
-munken,  muscles   wasted,  constipation,   head   perspiring,   tender  joints  and   back, 
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tctkea  food  irregularly^  followed  occasionally  by  v)omiting.  Percentage  feeding 
instituted  urith  rapid  recovery, 

BecauAe  of  failure  of  brea«t  milk  this  normal  S^-pound  baby  was  given  sub- 
fltitute  feeding  at  3  weeks  of  age  consisting  of  an  ^'evaporated  cream/'  prepared  ac- 
cording to  the  directions  of  the  manufacturer.  There  was  no  improvement  and 
when  the  infant  came  under  observation  it  was  receiving  a  one-fourth  dilution  of 
this  milk  plus  10  per  cent  limewater  and  5  per  cent  milk  sugar.  Figuring  from 
our  Table  No.  15  we  see  that  this  baby  was  taking  about  as  follows:  fat  2.6  per 
cent,  sugar  9  per  cent,  and  proteid  2.75  per  cent.  The  proper  percentages  were 
instituted  here  by  simply  combining  a  38  per  cent  preserved  cream  with  a  proper 
amount  of  the  same  excellent  foo<l  the  baby  had  been  receiving,  with  the  addition 
of  the  necessary  sugar  and  the  changing  of  the  limewater  to  a  solution  or 
sodium  citrate. 

The  trouble  with  this  patient  as  with  the  other  and  many  more  whom  we 
could  enumerate,  was  the  lack  of  proper  proportions  of  the  essentials  in  the  food, 
and  this  lack  was  largely  due  to  the  want  of  appreciation  of  what  was  necessary 
and  to  a  manufacturer's  claims  for  the  superiority  of  his  milk. 

By  proper  adjustments  of  amoiintfi  of  the  various  brands  of  steriluEed, 
pure  eow's  milk,  evaporated  or  condensed  milks  and  preserved  and  con- 
densed creams,  a  fairly  wide  variation  of  percentages  may  be  made  and  it 
is  in  this  way  that  we  may  obtain  the  best  results  from  feeding  preserred 
milks.  What  is  most  needed  on  the  part  of  manufacturers  is  the  giving 
of  more  accurate  information  concerning  the  composition  of  their  foods 
and  their  methods  of  preparation,  with  fewer  statements  about  what  they 
will  accomplish.  Special  results  in  special  cases  are  more  the  result  of 
elasticity  in  the  babies'  metabolism  than  in  any  unique  composition  which 
may  be  given  to  any  one  brand  of  cow's  milk  evaporated  in  vacuo. 

Chart  No.  1,  opposite  this  page,  which  has  been  prepared  for  us  by  Dr. 
A.  J.  Cox,  Chemical  Laboratory,  Bureau  of  Science,  taken  in  conjunction 
with  Table  No.  15,  will  help  the  physician  in  calculating  his  percentages 
from  the  principal  milks  to  be  found  in  the  Manila  market: 

Explanation  of  Chart  No.  1,^ — The  fact  that  children  of  different  ages 
require  milks  of  different  composition  for  their  proper  nourishment, 
makes  it  very  desirable  that  we  have  some  way  of  quickly  ascertaining 
the  proper  mixture  of  milk  and  cream  and  its  dilution.  The  old  cut 
and  dried  method  is  unsatisfactorv  and  extremelv  slow  because  of  the 
great  number  of  variable  factors  involved. 

The  very  close  agreement  between  the  analyses  of  all  the  brands  of 
pure,  sterilized  milks  for  sale  on  the  Manila  market  makes  it  possible  to 
prepare  a  chart  fron)  which  the  amounts  of  lactose,  water,  milk,  and 
cream  which  will  give  the  proper  percentage  of  constituents  in  the  final 
product,  may  be  calculated  when  any  one  of  these  milks  and  any  standard 
pure  cream  are  used.  The  chart  is  prepared  on  the  basis  of  a  38  per 
cent  cream,  but  as  is  explained  blow  it  is  equally  well  adapted  for  the 

•  Bv  Dr.  A.  J.  Cox. 
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27  per  cent  creams  which  are  now  on  the  market.    The  average  of  the 
pure  sterilized  milks*  previously  mentioned  has  bet»n  taken  as — 

Per  cent. 
Fat 4 

Su^r 5 

Proteid 3 

The  average"  of  the  analyses  of  several  samples  of  the  38  per  cent 
cream  is  as  follows: 

Per  cent. 
Fat  38 

Sugar 3.3" 

Proteid   2.3 

It  will  lie  sec-n  that  th(»  j>ercentage  of  proteid  is  roughly  the  same  in 
iMith  milk  and  cream,  so  that  for  young  children  the  desirefl  low  proteid 
crmtent  may  l»e  obtained  simply  hy  diluticm  of  either  of  these,  but  this 
would  not  suffice  for  the  content  of  fat.  Ff  milk  alone  were  diluteil  the 
fat  would  \te  too  greatly  reduced  and  if  the  cream  alone  were  usw]  it 
would  be  too  high,  but  by  using  lK)th  milk  and  cream  a  mixture  may  lie 
obtained  which  will  also  give  the  desircil  fat  content. 

Enough  sugar  of  milk  may  then  W  addwl  to  increase  this  constituent 
to  the  percentage  desired :  or  lietter  still,  after  the  factors  are  establislK^rl, 
dissr>lve  the  sugar  of  milk  in  the  water  before  adding  the  milk  and  cn^anj- 
for  then  one  can  see  that  a  perfect  solution  is  attained!. 

Fw  the  mijcture  of  cream  with  milk  the  jiercentage  of  fjach  constitu^^ 
varies  from  that  of  the  milk  tir»ward  that  of  the  cream  dirr?frt]y  in  pnip^^r- 
tion  to  the  amount  of  cream  adde<K  that  is,  a  straight  line  joining  th<r  j^r- 
ct-ntages  of  a  crmstituent  in  the  milk  and  the  cn-aiii  giv<*s  all  tlie  jf^ikjU: 
variatii»ns  for  the  j»ercvntagr  of  that  constituent.     Now.  if  thii*  rnixtun-  i^ 
di luteal  with  water  we  would  get  the  same  r»>ult  divid«-<l  by  th<*  amouin  uf 
dilution,  or  a  curve  (straight  line)  parallel  to  the  former  with  it*  >>»•- 
end  terminating  on  the  numU-r  of  cubic  et-ntiiiieterfi  of  the  iiiixiur«-  «'fjj«.i 
was  dilutH«l  to  iMo  cubic  r-^-nti meters.     These  rf-?iultf  liav«-  ail   */<^?ij  «fv 
pn?sse«l    in   the   chart.     In   the  chart,   tht-  ciirv«-»   bave   f^^-u    fu^fU-   iir 
variation-  «»f  •"•  cubic  o-ntiiiiK^-r?*  in  the  t'ltal  mixture  of  rnilk  iij^t\  tmg/g 
to  1k'  dilutr^l  to  !'»*»  cubic  c».-ntini»-l»-r*.     rl«»-»-r  r*-ult-  t:f»uU\  \m-  ^MMm^ 
if   1  cubic  f-entirL»-tiT  variation-  iia«i   J»*-.-ii   :i;'»tt»-«l.  but   the  itt^yk^tx  •' 

•  If  owr  of  th*"  itrf-riliz*-'!  wit*'  milk-  i-  n--:  at   fjariil.  a  milk  of  «L|ff«i 
the  i-anie  com  j^^  it  ion  may  }*-  nad  ^y  'iiluxirur  a  -k-Ziun,*-  of  any  of  U^  m 
of  cone^ntrat**]  rr  ilk-.  "T    vvjj-ratr-;  .r--!:.-"  -'••Afi   in  'J»M*^   \i,.  |, 
with   \i  volum*-  f'f  di-tili«-i   .w.-r.  t'»..tt   i-.  ^\-Ty  4m  'u^i*-  '*-tiU 
dilut#<l  to  100  '■^jtii'^  i-r-riTin.-T-r-  jr;-:  t'l-  ':  i;.    '•-  'i-^i  ir..t*-ad       Aii« 
Iff  •  Malt*"**    gfjal'"  v.A'.Pi  ri.Ai'  .ti-"  '■•- •--^: 

■I  me  ^mpU-   Afii'.'.  "••r:t-iiri-i  J"  «•  ^^r  .*-•   •^t  .,»,ii  u  j^-r  <«fut 
incliid*^  in  TKi-  ai*-ra:j.-. 
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curves  would  have  been  confusing.  The  curves  as  thev  are  given  only 
approximate  the  desired  results,  but  they  are  accurate  enough  for  all 
practical  purposes. 

These  being  the  data,  the  following  example  is  explanatory:  For  an 
average  child  six  weeks  old  we  desire  a  milk  of  the  following  com- 
position :  ® 

Per  cent. 

Fat  : 4 

Sugar .T. 7 

Proteid 1 

We  may  start  with  either  the  desired  proteid  or  fat  content.  Let  us 
take  the  proteid  simply  because  these  curves  lie  closer  together  and  it  is 
easier  to  differentiate  at  the  beginning.  For  1  per  cent  content  we  have 
two  possibilities,  either  the  curve  which  terminates  in  the  40  or  the  one 
in  the  35  cubic  centimeters  of  total  mixture  of  milk  and  cream  to  be 
diluted  to  100  cubic  centimeters.  Jjct  us  first  consider  the  former.  If 
we  follow  the  fat  curve  for  this  mixture  to  4  per  cent,  the  ordinate  at 
that  point  does  not  cross  the  proteid  curve  at  the  desired  point,  namely, 
1  per  cent.  If  on  other  hand  we  take  the  fat  curve  for  the  35  cubic 
centimeter  mixture  and  follow  it  to  4  per  cent,  we  find  the  ordinate  to 
cut  the  proteid  curve  at  1  per  cent  content,  and  this  shows  us  the  proper 
relation  to  be  27^  cubic  centimeters  of  milk  and  7^  cubic  centimeters  of 
cream.  Now  the  sugar  of  milk  curve  which  terminates  on  35  cubic 
centimeters  intersects  the  chosen  ordinate  27^  at  1.6  per  cent.  This 
gives  us  the  sugar  content  of  the  mixture  of  milk,  cream  and  water.  We 
desire  7  per  cent.  It  is  necessary  then  to  add  as  many  grams  of  sugar  of 
milk  as  the  difference  between  the  desired  and  actual  'sugar  content, 
namely,  7  minus  1.6  or  5.4  grams  per  100  cubic  centimeters.  Therefore 
the  desired  amounts  of  each  are  as  follows : 

Water  ^ cubic  centimeters....  65 

Milk do 27i 

Cream   ^ do 7i 

Sugar  of  milk  - ^... grams....       5.4 

If  a  pure  cream  with  a  fat  content  other  than  that  which  is  the  basis 
of  the  chart,®  namely  38  per  cent,  is  used,  then  a  correction  in  the  quanti- 
ties of  milk  and  of  cream  as  given  above  is  necessary.     If  a  c^eani  with 

"Rotch,  T.  M.:   Pediatrics  (1900),  196. 

•Two  such  8aiiiple8  liave  recently  appeared  on  the  Manila  market  namely  *'Na- 
tura"  and  "Butterfly  Brand."  The  analyses  of  single  samples  of  these  made  by 
this  Bureau  are  as  follows: 

Natura.       Butterfly. 

Fat   27.1  26.95 

Sugar 2.3  4.00 

Proteid  2.4  3.51 


INFANT   FEEDING.  385 

a  fat  content  lower  than  38  per  cent  is  used,  then  in  order  to  give  the 
desired  composition  the  cubic  centimeters  of  cream  must  be  increased  to 

oo       A  The    number    of   cubic 

TTnT ^    e  P  .  ' — H T^^ T  X  ccntimcters  of  cream  given 

( The  per  cent  of  fat  m  the  cream  used)  —  4     ,       .       ,     ^  *=* 

by  the  chart. 

and  the  cubic  centimeters  of  milk  diminished  bv  the  amount  of  the 
increase  in  the  quantity  of  the  cream.  If  a  cream  with  a  fat  content 
higher  than  38  per  cent  is  used,  then  the  cubic  centimeters  of  cream 
must  be  diminished  to 

^^       .  The    number    of   cubic 

-TTfiT — j-TT-' — n r^ A  X  centimeters  of  cream  given 

(The  per  cent  of  fat  m  the  cream  used)  —  4     ,     ,,       ,     ,  ° 

^  by  the  chart. 

and  the  cubic  centimeters  of  milk  increased  by  the  amount  of  the  decrease 
in  the  quantity  of  the  cream.  The  proteid  and  sugar  of  all  pure  creams 
have  approximately  constant  values,  so  that  for  these  the  chart  is  always 
applicable  and  no  appreciable  error  is  produced  when  the  correction  for 
fat  is  made. 

Let  us  consider  what  the  results  of  the  above  example  would  be  were 
a  27  per  cent  cream  to  be  used  instead  one  of  38  per  cent.  The  per- 
centage of  fat  in  the  former  is  lower  than  it  is  in  the  latter,  therefore  the 

cream  required  would  be  increased  to  ^  -j  X  7.5  or  11  cubic  centi- 
meters, an  increase  of  3.5  cubic  centimeters  over  the  quantity  of  38  per 
cent  cream.  The  milk  would  be  diminished  bv  3.5  cubic  centimeters  or 
reduced  to  27.5  —  3.5  or  24  cubic  centimeters.  Hence,  the  desired 
amounts  of  each  ingredient  to  give  a  milk  of  the  alx)ve  composition  when 
a  27  per  cent  is  used  would  be — 

Water  cubic  centimeters....  6.5 

Milk  do 24 

Cream   do 11 

Sugar  of  milk  grams....        5.4 

If  it  is  desired  to  add  lime  water  (sodium  citrate,  etc.)  then  the  water 
content  should  be  diminished  by  the  number  of  cubic  centimeters  of  lime 
water  (sodium  citrate,  etc.)  to  be  added.  If  more  than  100  cubic  centi- 
meters of  the  mixture  is  desired,  multiply  the  (plant i ties  of  water,  milk, 
cream,  and  sugar  of  milk  res})ectively  by  as  many  tinu^  as  the  quantity 
desired  is  greater  than  100. 
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OUTLINE. 


I.  Clinical  report. 
II.  Autopsy  report. 
II L  Resume  of  literature. 

Gangosa  has  not  previously  been  reix)rte(l  for  the  Philippine  Islands. 
Because  of  the  comparative  rarity  of  the  disease,  its  limited  geographical 
distribution  and  probably  infectious  nature,  the  following  case  is  of  suf- 
ficient importance  to  warrant  discussion.  The  patient  was  seen  several 
times  by  Dr.  N.  T.  McLean,  United  States  Navy,  wlio  has  had  a  large 
experience  with  the  disease  in  Guam,  and  the  diagnosis  was  confirmed 
bv  him. 

I.    CLINICAL  REPORT. 

Case  record, — Gangosa;  death;  autopsy, — The  patient,  C.  F.  (2179) 
was  admitted  October  31,  1906,  to  Dr.  McDilPs  service  in  St.  Paul's 
Hospital.  He  was  transferred  to  Dr.  Musgrave's  senice  on  December 
15,  1906,  and  died  January  23,  1907.  He  was  a  Filipino,  male,  29  years 
old,  single  and  a  native  of  Santo  Domingo  de  Basco,  Batan  Islands.* 
The  patient  was  an  unusually  ignorant  native  of  the  lower  classes  and  the 
value  of  his  statements  was  not  very  great.  However,  the  following 
facts  obtained  at  different  times  and  repeated  to  different  interpreters 
are  probably  true.  Father,  motlier,  and  two  brothers  are  living  and  in 
good  health.  The  patient  stated  that  none  of  his  relative's  has  a  disease 
like  his  but  he  was  equally  positive  that  several  other  people  in  the  same 
town  are  suffering  from  a  similar  condition.  Previous  diseases  were 
denied.  The  patient  stated  that  he  was  never  far  from  his  native  town 
until  he  came  to  Manila  two  years  ago  and  that  he  had  never  been  ill 
except  once  with  calentura  (fever).  Tlie  last  two  years  before  entering 
the  hospital  he  resided  in  one  of  the  barrios  of  Manila  and  worked  as  a 
stable  boy  most  of  the  time. 

*The  Batanea  constitute  the  most  northern  group  of  the  Philippine  Inlands. 
They  lie  about  120  miles  due  north  of  Luzon. 
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His  statements  about  the  time  of  the  onset  of  his  present   illness 
differed  very  much,  but  Dr.  Ariston  Bautista  y  Lim,  who  saw  him,  thinks 
it  was  probably  about  five  years  ago  that  he  first  noticed  sore  throat 
and  that  the  disease  had  been  gradually  growing  worse  since  that  time. 
He  had  taken  many  kinds  of  medicine  during  the  last  two  years  without 
any  improvement.     On  admission  to  the  hospital  the  patient  was  consider- 
ably emaciated  and  ana?mic,  the  voice  had  the  intonation  peculiar  to 
destructive  conditions  of  the  larynx  and  soft  palate  and  there  was  an 
opening  about  1  centimeter  in  diameter  in  the  bridge  of  the  nose.     Upon 
closer  examination  it  was  found  that  the  uvula  was  partially  destroyed 
and  the  palate  had  two  dirty,  grayish-appearing,  perforating  ulcers.     The 
pharynx,  upper  larynx,  palate,  posterior  nasal  structures,  both  bone  and 
soft  tissues,  were  partially  destroyed  by  a  chronic  type  of  ulceration  and 
there  wa*?  a  considerable  amount  of  scar  tissue,  showing  some  evidences  of 
repair.    The  margin  of  the  upper  lip  was  also  destroyed,  leaving  a  grayish, 
granular  surface.     The  odor  from  these  lesions  was  exceedingly  offensive 
and  there  was  at  times  a  slight  discharge  of  granular,  necrotic  material. 
Microscopic  examination  of  fresh  and  stained  smears,  made  by  scraping 
the  surfaces  of  the  wounds,  were  negative  for  acid-fast  bacilli  and  for 
treponema.     During  the  period  of  observation  the  nasal  wound  increased 
in  size,  there  was  more  deformity  due  to  destruction  of  bone,  and  the 
destructive  lesion  on  the  upper  lip  progressed  slowly  until  death.     Plate 
I  is  from  a  photograph  made  about  one  month  before  the  fatal  termina- 
tion.    There  was  diminished  sensation  over  the  surfaces  of  the  wound, 
which  in  places  amounted  to  l(x*al  ana»sthesia. 

The  skin  was  otherwise  rough  but  apparently  free  from  disease  or 
scars.  About  five  weeks  before  death  a  dull,  chronic-appearing  skin  ulcer 
developed  on  the  outer  side  of  the  left  shin  and  this  continued  slowly  to 
extend  until  death,  at  which  time  it  was  al)out  1  centimeter  in  diameter 
and  extended  through  the  skin.  The  superficial  lymphatics  were  slightly 
enlarged  in  the  groins,  but  not  more  so  than  is  commonly  seen  among 
the  lower  classes  of  barefoot  people  here.  ITie  muscles  were  wasted,  the 
joints  were  free  from  disturbance  and  excej)t  as  above  noted,  no  bone 
lesions  could  be  found.  No  abnormalities  were  found  in  the  circulatory 
system  except  an  anaemic  murmur  of  the  heart.  Temperature  was  normal 
and  there  was  but  slight  fever  at  any  time  during  which  the  patient  was 
under  observation,  which  was  nearly  three  months.  Two  days  after  ad- 
mission tluTc  developed  an  irregular,  intermittent  fever  varying  between 
normal  and  ;]8^.5,  which  lasted  for  a  few  days,  and  again,  just  preceding 
the  fatal  termination,  there  was  slight  pyrexia.  A  blood  examination 
on  admission  showed  no  leucocytosis  and  no  abnormal  elements.  A  blood 
examination  i[\e  days  lu'fore  death  showed  no  malaria;  leucocytes  11,(»0(), 
ha»moglol)in  80  ])er  cent. 
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Differential  count. 

Per  cent. 

Small  lymphocytes  10.0 

JjBLTge  lymphocytes  4.6 

Polymorphonuclears  82.0 

Eosinophiles  2.6 

Ba^ophiles .4 

There  was  slight  cough  at  times  during  the  patient's  stay  in  the  hospital, 
but  it  was  never  annoying  and  the  expectoration,  if  any,  was  swallowed. 
A  physical  examination  of  the  chest  on  admission  showed  signs  of  some 
bronchitis.     There  were  no  subsequent  examinations.     The  sputum  was 
not  examined  because  none  could  be  obtained.     The  tongue  was  con- 
stantly coated  with  a  heavy,  brownish  fur,  but  no  ulceration  took  place. 
The  appetite  was  poor,  the  patient  had  to  be  fed  largely  by  a  tube,  there 
was  no  vomiting  or  pain.     The  bowels  were  constipated,  moving  but 
seldom  except  from  cathartics  or  enemas.     Microscopic  examination  of  the 
feces  showed  ova  of  Trichuris  trichiura.     There  were  no  disturbances 
of  the  urinary  function.     Examination  of  the  urine  showed  a  trace  of 
albumin  and  a  few  hyaline  casts.     This  patient  never  complained  of  pain ; 
as  a  rule  sleep  was  sufficient,  but  during  the  last  wei»k  of  his  illness  there 
was  considerable  restlessness  and  insomnia.     The  reflexes  were  normal. 
The  eyes  were  apparently  normal,  but  hearing  became  somewhat  defective 
toward  the  end.     The  sense  of  smell  was  almost  nil  and  speech  was  of 
the  Gangosa  type,  its  peculiarity  resulting  from  destruction  of  the  palate. 
Treatment, — A  probable  diagnosis  of  syphilis  was  made  when  the 
patient  was  first  admitted  to  the  hospital;  antisyphilitic  treatment  was 
instituted  and  continued  for  three  months.     Ill  is  treatment  consisted  of 
intramuscular  injections  of  mercury  to  the  point  of  toleration,  of  potas- 
sum  iodide  by  mouth  and  intravenously  in  doses  up  to  10  grams  per  day. 
Mercury  was  also  tried  by  inunction. 

The  antisyphilitic  treatment  did  not  cause  any  improvement  and  it 
was  discontinued  after  three  months.  This  was  followed  by  copper 
sulphate  in  0.015  doses,  three  times  a  day  for  about  one  month  without 
any  improvement  and  no  further  specific  therapeutic  measures  were  under- 
taken.    Death  occurred  January  23,  1907.     Clinical  diagnosis,  Gangosa, 

ir.    AUTOPSY    KEPORT. 

Autopsy, — Four  hours  after  death.  The  body  is  markedly  emaciated, 
rigor  mortis  of  moderate:*  grade  present,  one  old,  grayish  colored  ulcer  on 
the  left  leg  about  8  millimeters  in  diameter  extends  to  the  deeper  layers 
of  the  skin.  The  muscles  are  wa.^^ted  and  pale.  Th(»  superficial  lym- 
phatics in  the  groins  nuKlerately  enlarged,  pale  in  color  and  quite  firm. 

The  lefi  lung  contains  a  few,  reddish-colored  infarcts  from  7  milli- 
meters to  1  centimeter  in  diameter,  niostlv  in  the  lower  lobe.     There  is 
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an  old,  adh(»sivo  pleuritis  on  the  right  side;  the  right  lung  contains  several 
areas  similar  to  thost*  in  the  left  -and  there  is  also  a  small  tuberculous 
cavity  in  its  apex.  Iliere  is  a  moderate  bronchitis,  and  a  few  areas  of 
beginning  broncho-pneumonia  in  both  organs.  Nothing  abnormal  is 
found  in  the  heart  or  its  membranc^s. 

The  abdomen  is  free  from  axlhesions,  the  tissues  and  organs  appear  to 
be  anaemic  and  with  slight  enlargement  of  some  of  the  mesenteric  lym- 
phatics. Xo  marked  departure  from  the  normal  is  seen  in  any  of  the 
organs  except  the  stomach.  This  shows  a  general  hemorrhagic  catarrh 
of  the  mucosa. 

In  order  to  pre8er\'e  good  museum  specimens,  the  soft  tissues  of  the  neck  were 
divided  at  the  upper  end  of  the  sterum,  carefully  dissected  up  from  the  cervical 
column  and  the  latter  cut  by  sawing  through  the  first  cervical  section.  The 
brain  was  removed,  but  nothing  abnormal  was  found  in  this  organ.  The  rest  of 
the  head  and  soft  tissues  of  the  neck  were  placed  in  formalin  for  two  days  and 
then,  after  hardening,  they  were  divided  antero- posteriorly  in  the  median  line. 
By  this  method  a  careful  study  of  the  lesions  of  both  bone  and  soft  tissues  was 
made  possible. 

In  these  spei'imens  a  condition  typical  of  that  described  for  gangosa 
is  found.  There  is  marked  destruction  and  some  scar  formation  of  the 
soft  parts,  including  the  larynx,  pharynx,  soft  palate,  uvula  and  nasal 
tissues.  The  nasal  septum  and  a  considerable  area  in  the  bridge  of  the 
nose,  including  both  bone  and  cartilage,  are  destroyed.  The  palate  is 
also  partially  destroyed.  The  process  in  addition  has  extended  into  the 
sinuses  of  the  cheek  bones  and  here  it  has  included  both  bone  and  soft 
tissues.  There  is  no  evidence  of  acute  inflammation,  the  surface  of  the 
destroyed  areas  is  covered  with  a  dirty,  granular  material,  which  when 
removed  leaves  a  gray,  sponge-like  tissue.  Scrapings  from  the  diseased 
areas  are  free  from  acid-fast  bacilli  and  treponema. 

Smears  from  the  pneumonic  areas  in  the  lungs  showed  a  single  filarial 
embr}'o  but  no  others  were  observed  during  the  examination  of  many 
preparations  from  similar  locations. 

Anatomic  diagnosis. — Chronic  ulceration  of  the  naso-pharyngeal  tissues 
including  destruction  of  the  palate,  nasal  se])tum,  turbinates  and  involve- 
ment of  the  maxillary  sinuses;  together  with  extensive  destruction  and 
scar  formation  of  the  adjacent  soft  parts  of  the  larynx,  pharynx  and 
nasal  tissues.  Tuberculosis  of  the  right  lung  with  a  small  cavity  in  the 
right  apex.  Terminal  broncho-pneumonia.  Moderate  lymphadenitis, 
more  marked  in  the  region  of  the  neck.  Acute  ha?morrhagic  catarrh  of 
gastric  mucosa.^ 

^The  only  other  autopsy  whicli  litus  been  made  ujwn  a  patient  with  gangosa 
is  one  reported  by  Mink  and  McLean.  In  their  case,  a  male  of  18,  the  entire 
nasal  passages,  hard  and  soft  palate  were  destroyed;  the  tonsils  and  pillars  were 
replaced  by  scar  tissue;  tliere  was  cardiac  liyjiertrophy,  and  fine  adhesions  existed 
between  the  lungs  and  pleaurte.  The  diagnosis  in  their  case  was  "native  epidemic 
asthma." 
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HISTOLOGY. 

Ulcer  /,  edge  of  skin,  lnvviatoxylin  and  eoairi. — On  surface  of  ulcer 
there  is  a  structureless,  necrotic  membrane,  cloudy  and  purplish,  in 
which  one  can  dimly  make  out  degenerated  celli^.  Necrotic  processes 
extend  from  this  membrane  into  clefts  in  the  tissue  beneath.  The 
transition  is  sharp  between  the  necrotic  membrane  and  the  subjacent, 
richly  cellular  tissue.  Tlie  latter  is  a  loose,  vascular,  areolar  tissue  con- 
taining a  moderate  amount  of  fat  and  supported  by  heavy  traljecuhe 
of  connective  tissue.  A  few  strands  of  degenerating  voluntary  muscle 
are  found  in  the  deeper  part  of  the  section.  The  loose  fatty  tissue  is 
black  from  accumulations  of  small  round  cells,  which  are  abundant  just 
at  the  necrotic  border  and  diminish  in  numbers  as  the  distance  from  the 
edge  of  the  ulcer  increases.  Mingled  with  the  small  round  cells  are  a 
few  large  mononuclears,  larger  epithelioid  fibroblasts,  and  numerous 
plasma  cells  with  small,  eccentric,  dark  nucleus  and  fairly  abundant 
irregular  bluish  protoplasm. 

The  necrotic  process  is  evidently  advancing  and  has  already  involved 
several  vessels.  One  of  these,  a  small  artery,  is  plugged  with  a  hyaline 
mass  and  its  walls  can  no  longer  be  made  out  because  of  the  dense,  small, 
round  cell  infiltration,  but  near  by  a  wide,  thin-walled  sinus  shows  no' 
obliteration  at  all.  With  the  exception  of  the  small  artery  above  men- 
tioned, and  one  other  artery  near  the  advancing  edge  of  the  ulcer,  in 
'which  the  same  process  is  occurring,  there  is  no  special  accumulation  of 
round  cells  around  the  vessels. 

The  muscle  in  the  deeper  part  of  the  section  is  undergoing  necrosis,  and 
in  large  measure  has  become  converted  into  a  homogeneous  or  finely  gran- 
ular, bright-red  mass,  with  fine  nuclear  fragments  scattered  through  it. 

At  the  edge  of  the  ulcer  there  are  two  irregular  downgrowths  of 
stratified  epithelium,  one  nearly  a  millimeter  in  length.  In  each  of 
these  areas  the  upper  layers  are  of  irregular  thickness  and  composed  of 
large,  poorly  staining  cells,  often  vacuolated,  in  which  the  nuclei  show 
various  irregularities.  The  deepest  hiyer  of  cells  is  as  a  rule  uniform 
in  arrangement  and  staining,  the  downgrowths  being  no  more  atypical 
than  those  in  a  benign  papilloma  of  the  skin.  However,  along  one  side 
there  are  several  delicate,  finger-like  projections  of  e])ithelium  entering 
directly  into  the  underlying  tissue,  the  protoplasm  extending  beyond  the 
last  nucleus  to  form  a  protoplasmic  mesh  work  in  which  several  small, 
round  cells  are  gathered.  The  arrangement  makes  it  diflicult  to  determine 
exactly  where  the  epithelium  ends  and  connective  tissue  and  infiltrating 
cells  begin. 

One  of  these  epithelial  areas  is  definitely  retracted  from  the  adjacent 
tissue,  and  this  shows  no  downgrowths. 

There  are  none  of  the  irregular  nuclear  figures  nor  epithelial  pearls 
which  occur  in  epithelioma  and  the  nuclei  of  the  cells  of  the  deepest 
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layer  of  epithelium  remain  fairly  characteristic,  in  spite  of  the  irregular 
protoplasmic  downgrowth.  It  is  to  l)e  noted  that  the  nuclei  of  the  epithe- 
lial cells  do  not  invade  the  underlying  tissue,  the  downgrowth  being 
altogether  protoplasmic. 

Sections  B,  C,  D,  E,  F,  and  G,  taken  from  different  parts  of  the  ul- 
cerating area  between  the  anterior  nares  and  the  pharynx,  have  much 
the  same  appearance,  and  are  characterized  by  advancing  necrosis  with 
very  little  reaction  on  the  part  of  the  tissue.  The  necrosis  is  advancing 
upon  areolar  tissue,  upon  mucous  glands,  voluntary  muscle,  etc.  In  only 
one  case  is  there  anv  decided  reaction,  and  that  is  found  in  a  section  taken 
evidently  at  the  junction  of  the  ulcer  and  face.  The  section  passes 
through  the  edge  of  ulcer  and  adjacent  skin.  At  a  distance  from  the 
ulcer  the  epithelium  is  delicate  and  thin,  pigment  is  abundant,  the  deep- 
est layer  of  cells  is  uniform,  the  under  surface  of  the  epithelium  is  fairly 
even,  with  only  a  few  small  papilla^.  The  hair  follicles,  sweat  glands, 
sebaceous  glands  and  subcutaneous  tissue  appear  normal.  As  the  ei\ge 
of  the  ulcer  is  approached,  the  subcutaneous  tissue  l)ecome8  slightly  oede- 
matous  and  finally  infiltrated  with  cells.  The  epithelium  becomes  thicker 
and  thicker,  the  homy  layer  reduced,  the  epithelial  pegs  longer,  thicker 
and  more  irregular,  and  the  pigment  disappears.  Just  at  the  edge  of 
ulcer  the  epithelium  dips  down  as  an  irregular  peg,  1  millimeter  into  the 
subcutaneous  tissue.  The  epithelial  cells  are  large,  cloudy  and  pink,  •  - 
often  vacuolated,  the  nuclei  are  vesicular,  pale,  uniform  and  do  not  show 
the  irregularities  met  with  in  epithelioma. 

Over  the  ulcer  there  is  a  thin  layer  of  necrotic,  granular,  pinkish 
material,  beneath  which  lies  a  narrow  zone  of  disintegrating  cells,  reil 

blood  corpuscles,  etc.,  immediately  followed  by  a  richly  cellular  and  vas-      -^^s- 

cular  granulation  tissue.  In  this  tissue  there  are  many  capillaries,  round  --tf^^^^id 
and  elongated  fibroblasts,  disintegrating  red  blood  corpuscles  and  much  Mr.^-^^zzih 
yellow  l)l(X)d  pigment,  and  a  fairly  large  amount  of  fibrillated  intercellular  — i 
material.  In  the  outer  border  of  the  granulation  tissue  there  are  a  small  W  JB^-g»nll 
number  of  lymphocytes  and  cells  with  small,  round,  dark  nuclei  and  fairly%^^^#^ — ly 
abundant  pink  to  purple  proto])lasm,  the  nucleus  being  sometimes  central-  W  ^m^msL], 
sometimes  eccentric.  Extravasated  red  (-orpuscles  and  yellow  blood—  tTz^  ^d- 
pigment  are  found  as  far  as  the  deepest  limits  of  infiltration.     There  is  M:  is 

no  evidence  of  perivascular  infiltration.     There  are  no  polymorphonu  -ar-*^  .^lu- 
clear  leucocytes,  excej)ting  at  the  necrotic  edge  of  ulcer. 

The  granulation  tissue  is  less  than  2  millimeters  at  its  thickest  part#"  *  jh.     rf. 
There  is  an  abrupt  transition  from  this  to  the  slightly  oedematous,  fatt  -^^  ^^^y 
subcutaneous  tissue.     Within  2  to  \\  millimeters  of  the  surface  of  i\m^~^0     -ho 
ulcer  two  large  arteries  are  found  with  their  walls  very  oedematous,  mm      ^m    iiif 
the  lumina  becoming  obliterated.     At  some  distance  below  the  end  cm^  of 

infiltration  there   is   found   a   strand   of  young  granulation  tissue  ai'  :m^K::~iul 
plasma  cells,  but  there  is  no  evidence  of  the  occurrence  of  young  foe —  >c/ 
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of  necrosis  beyond  the  advancing  edge  of  the  ulcer.  This  section  diifers 
from  the  others  in  the  relative  abundance  of  granulation  tissue.  In  the 
9ther  sections  there  is  very  little  granulation  tissue  formed. 

In  sections  stained  by  the  Weigert-Gram  method  and  for  tubercle 
bacilli  there  is  nothing  characteristic.  No  acid-fast  bacilli  are  found. 
There  are  a  number  of  cocci,  mostly  diplococci,  and  a  few  slender,  blut^ 
staining  curved  rods  on  the  free  surface  of  the  ulcer;  elsewhere  no 
bacteria. 

The  heart. — Stains  well;  the  structure  is  well  preserved;  the  epicar- 
Ainm  slightly  oedematous ;  in  the  meshes  are  scattered  a  few  small,  round 
L»ell8  and  occasionally,  cells  with  red  protoplasm;  the  muscle  fibers  also 
are  quite  widely  separated,  the  intervening  spaces  being  clear  or  con- 
taining small  amounts  of  pale,  pink,  granular  or  fibril  la  ted  material  but 
no  leucocytes.  The  vessels  are  normal  and  show  no  perivascular  leu- 
cocytosis. 

The  protoplasm  takes  a  bright  eosin  tint ;  striation  and  fibrillation  are 
distinct;  the  muscle  nucleus  is  surrounded  by  an  oval,  clear  space  two  to 
five  times  the  length  of  the  nucleus,  containing  only  a  slight  amount  of 
brownish  pigment.  This  central  clear  s])ace  often  makes  the  fibers  which 
are  cut  on  longitudinal  section  ap])ear  to  be  split,  and  in  general  the 
muscle  fibers  are  drawn  out  into  longer  and  narrower  ribbons  than  usual. 
The  nuclei  are  small,  fairly  uniform,  pale  and  vesicular  with  a  darker 
nuclear  capsule  and  a  variable  number  of  chromatin  dots.  A  moderate 
number  of  fibers  show  myocardial  fragmentation  with  the  stair-like  ar- 
rangement of  fibrils. 

Lung,  hcfmatoxylin  and  eosin  and  tubercle  stain, — Typical,  acute 
broncho-pneumonia  is  shown  in  one  section.  Some  alveoli  are  nearly 
clear;  others  contain  coagulated  albumin.  Congestion,  oedema  and  de- 
squamation also  occur;  in  other  places  there  are  consolidated  areas  in 
which  the  alveoli  are  packed  with  polymorphonuclear  leucocytes,  red 
blood  cells  and  fibrin  in  varying  amounts,  fibrin  being  unusually  abun- 
dant. A  bronchiole  cut  in  the  s(»ction  has  its  wall  infiltrated  with  poly- 
morphonuclears and  its  lumen  stuffed  with  them,  together  with  a  few 
desquamated  cylindrical  cells. 

In  another  block  the  lung  tissue  has  broken  down  forming  a  small 
abscess. 

Section  through  another  nodule  presents  a  different  aj)j)earance.  Here 
the  process  answers  to  the  description  of  disseminated  tul)erculosis  of  the 
lung.  There  are  discrete  and  confluent  miliary  nodules,  surrounded  by 
consolidation  beyond  which  is  more  or  l(»ss  normal  lung  tissue. 

In  the  center  of  a  niiliarv  nodule  is  a  nearlv  concentric  whorl  of 
coarse,  red,  coagulated  fibrillar  nuiterial.  Surrounding  this  center  is  a 
zone  of  more  looselv  lamellated  fibrinous  material,  in  the  meshes  of  which 
are  a  moderate  number  of  epithelioid  and  small,  round  cells.     There  is 
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in  the  loose  meshes  of  which  are  rows  of  small,  round  cells,  usually 
having  irregular  nuclei  and  a  few  adult  connective  tissue  cells.  This 
zone  merges  at  once  into  the  pulp. 

The  endothelium  of  the  small  arteries  is  often  thickened  and  irregular, 
and  takes  a  bright-red  hyaline  color;  the  thickening  is  often  uneven,  and 
confined  to  one-half  or  less  of  the  circumference  of  the  vessel.  This 
hyaline  material  appears  to  be  amyloid  in  the  hajmatoxylin  and  eosin 
stain,  but  it  does  not  respond  with  iodine,  iodine  and  sulphuric  acid, 
nor  with  methyl  violet  stains.  There  is  no  increase  in  small,  round,  cells, 
nor  in  polymorphonuclear  leucocytes. 

Kidney, — The  capsule  is  not  thickened ;  the  capillaries  and  veins  are 
filled  with  red  blood  corpuscles;  the  glomeruli  are  well  preserved,  mod- 
erately congested,  the  cells  not  increased,  the  capsules  of  Bowman  delicate 
and  normal.  The  convoluted  tubules  contain  a  small  amount  of  granular 
debris  and  a  fine  meshwork  of  coagulated  matter;  the  lining  cells  are 
large,  granular,  bright  red  and  frequently  send  protoplasmic  fringes  into 
the  lumen;  the  nuclei  are  near  the  basement  membrane  and  apparently 
normal.  The  loops  of  Henle  and  the  collecting  tubules  appear  normal. 
The  interstitial  tissue  is  not  increased.     There  are  no  infiltrating  cells. 

Pancreas. — The  parenchyma  cells  have  retracted  from  the  stroma  pro- 
ducing distortions.  The  cells  are  small,  and  rather  deeply  stained.  The 
islands  of  Langerhans  are  normal. 

An  area  is  found,  miliary  in  size,  having  the  characteristics  of  an  early 
tubercle.  The  nuclei  in  this  area  are  small,  black,  fragmenting  and 
irregular;  the  protoplasm  bright-red  and  hyaline.  The  area  is  not 
sharply  marked  off  from  normal  pancreas.  Xo  karyolysis,  no  cellular 
infiltration. 

Cervical  lymph  gland. — In  one  section  the  blood  vessels  are  moderately 
engorged;  the  lymph  channels  are  widely  distended  but  nearly  empty; 
the  stroma  is  loose  and  the  strands  widely  separated;  the  cell  nests  are 
not  seen,  and  the  cell  columns  are  less  dense  than  normally. 

Two  areas  of  necrosis  over  1  millimeter  in  diameter  are  found.  In 
each  case  the  nodule  consi^-ts  of  a  large,  central  mass  of  bright-red  de- 
tritus,  granular  and  lumpy,  with  a  few  fragmenting  nuclei,  surrounded 
hy  a  narrow  and  imperfect  zone  of  large  epithelioid  cells  with  consider- 
able dark-red  protoplasm,  irregular  in  shape,  and  much  red-staining 
interstitial  tissue.  This  zone  is  free  from  capillaries  and  passes  over 
suddenly  into  lymph  gland  tissue. 

In  the  peripheral  sinus  only  a  few  cells  are  present;  several  of  these 
are  small,  with  deeply  staining  nucleus  and  a  narrow  band  of  red  proto- 
plasm, taking  much  the  same  shade  as  the  erythrocytes.  The  cells  in  the 
internal  sinuses  are  (1)  small  round  cells  and  (2)  large  cells  with 
vesicular  nucleus  and  abundant,  bright-red  protoplasm,  apparently  de- 
squamated endothelial  cells.  Many  of  these  are  cloudy  and  have  only 
faint  traces  of  the  nucleus  renuiining.     In  some  cases  no  nucleus  is  seen. 
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In  another  section  the  structure  of  lymph  gland  is  better  presened. 
The  cell  nests  and  cell  strands  are  clearly  marked,  in  contrast  to  the 
dilated  sinuses  which  contain  many  large,  pale  cells  like  those  described 
above.  '^There  is  no  endothelioid  cell  proliferation  at  the  center  of  the 
cell  nests. 

In  a  section  stained  with  Ehrlich's  triacid  stain  and  examined  with 
the  oil  immersion,  the  large  cells  in  the  sinuses  take  a  diffuse,  reddish- 
purple  tint,  and  show  no  granulation. 

Tissue  taken  from  various  parts  of  the  ulcerating  area  in  the  nares 
and  prepared  by  the  silver  impregnation  method  of  Levaditi  do  not  show 
spirochaptse,  nor  other  characteristic  organisms. 

Histological  diagnosis. — Necrosis  of  the  nasal  passages  and  adjacent 
parts';  tub^»rculous  nodules  in  lymph  gland,  lung,  spleen  and  pan- 
creas, hyaline  and  amyloid  (?)  degeneration  of  spleen;  acute  broncho- 
pneumonia. 

REMARKS. 

The  only  other  histological  study  of  this  disease*  which  has  c»ome  to 
our  notice  is  that  of  Fordyce.  He  removed  bit«  of  tissue  from  the  edge 
and  center  of  the  ulcer  of  his  case,  and  made  careful  studies  of  specimens 
stained  with  various  dyes.  Although  his  case  resembles  ours  in  many 
respects,  there  are  several  points  of  difference.  In  both  cases  there  was 
an  ulcer  bordered  by  tissue  showing  an  infiltration  chiefly  with  small 
round  cells,  but  also  showing  numerous  plasma  cells.  In  his  case  there 
were  but  few  polymorphonuclear  cells ;  in  ours  such  cells  were  diflBcult  to 
find.  Giant  cells,  which  wxtc  fairly  numerous  in  his  sections,  were 
absent  from  ours,  although  in  one  section  there  were  proliferating  capil- 
laries, which  sometimes  took  the  form  of  a  long,  vacuolated  cell  with 
two  or  three  nuclei.  There  were  no  true  giant  cells  in  our  other  sections 
from  the  ulcer.  In  neither  case  was  there  caseous  degeneration,  but  in 
ours,  even  below  where  the  cellular  infiltration  was  marked,  there  was 
diffuse,  advancing  degenerative  change  in  fibrous,  glandular  and  muscular 
tissue,  which  wa^  not  present  in  Fordyce's  case.  In  each,  there  was 
luemorrage  into  the  tissue,  which  was  (piite  a  striking  feature  of  our  case, 
while  new  forming  capillaries,  abundant  in  his  case,  were  noticeably 
absent  from  our  sections,  except  under  the  ulcer  at  the  junction  with 
the  skin  of  the  face.  Parakeratosis  and  acanthosis  were  noted  by  Fordyce. 
The  epithelial  changes  in  our  case,  and  described  above,  were  similar,  but 
there  was  not  an  increase  in  the  horny  layer,  which  was  in  fact  diminished.- 
The  epithelial  downgrowtji  in  For(lyce\s  ca^^  gave  a  picture  resemblin 
epithelioma  (Plate  1),  a  condition  which  we  could  definitely  exclude. 

Sfininiari/. — The  main  differences  between  these  two  cases  are  tha 
in  ours  there  was  less  reaction,  no  giant  cells,  more  haemorrhage,  muc 
less  granulation  tissue  fornuition,  and  an  extension  of  the  necrotisin 
process  beyond  the  line  of  infiltration  into  the  structures  beyond.     I 
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the  study  of  our  sections  no  mast  cells  were  encountered,  although  plasma 
cells  were  abundant.  Such  differences  may  readily  be  due  to  the  varia- 
tions in  the  reactive  power  of  different  individuals,  and  to  secondary 
infection  and  it  seems  quite  probable  that  the  two  cases  represent  the 
same  condition. 

III.    RESUME   OF    LITERATURE. 

There  is  at  the  present  day  some  confusion  in  the  differential  diagnosis 
of  the  various  forms  of  tropical  ulceration,  and  there  can  be  little  doubt 
but  that  the  disease  which  we  treat  of  in  this  article  has  been  described 
at  different  times  under  various  names.  The  most  complete  article 
dealing  with  the  subject  of  gangasa  which  we  have  found  is  the 
recent  one  by  Mink  and  McLean,  and  the  following  summary  is  taken 
from  this  and  from  the  papers  of  I^eys,  and  of  Fordyce  and  Arnold. 

Gangosa  was  described  in  1828  by  the  Spanish  Commission  which 
visited  the  Ladrone  Islands.  Similar  cases  have  been  reported  from  the 
Caroline  Islands,  Fiji,  British  Guiana,  Italy,  Dominica,  Nevis  and  Pa- 
nama.    It  probably  exists  in  Ceylon  under  a  different  name.^ 

"Gangosa"  is  a  Spanish  word  and  means  a  "nasal  voice."  The  disease 
is  characterized  by  a  slowly  progressing  ulceration,  starting  in  the  throat, 
or  soft  palate,  advancing  upwards  and  forwards  through  the  nasal  pas- 
sages, destroying  in  its  progress  the  septum,  hard  palate  and  turbinates, 
and  causing  the  falling  in  of  the  nose.  In  rather  less  than  10  per  cent 
of  cases  the  ulceration  eventually  attacks  the  anterior  nares  and  leads  to 
more  or  less  complete  destruction  of  the  nose,  so  that  it  is  possible  to 
look  through  the  nose  into  the  mouth  and  throat.  In  the  later  stages 
the  upper  lip  may  be  attacked  and  the  process  may  extend  through  the 
lachrymal  ducts  or  across  the  face  to  the  eyes,  leading  to  secondary  in- 
flammations and  blindness,  the  orbit  filling  up  with  granulation  tissue. 
Out  of  eighty-one  cases  tabulated  by  Mink  and  McLean  there  were  only 
two  in  whom  hearing  was  affected,  while  the  larynx  was  involved  thirty- 
three  times.  In  our  case  there  was  double  otitis  media.  Phonation  is 
always  interfered  with  and  the  senses  of  smell  and  taste  are  usually  lost. 
It  is  characteristic  that  the  tongue  and  muscles  of  deglutition  escape. 
The  ulcers  are  nearly  or  quite  painless. 

In  a  case  reported  by  Dr.  Rat,  the  ulceration  started  from  a  tubercle 
on  the  soft  palate.  Three  of  Mink  and  McLean's  cases  startcnl  with  mild 
sore  throat  or  coryza.  At  first  the  ulcer  is  superficial,  moveable  and 
covered  with  a  dirty,  brownish-gray  pelicle.  It  spreads  rapidly,  later  it 
becomes  chronic  and  granulation  tissue  is  formed  around  the  base.  The 
ulceration  may  advance  steadily  for  many  years  or  may  become  arrested 
at  any  time,  leaving  a  chronic  ulcer.     In  most  of  the  cases  of  Mink  and 

■  On  a  recent  visit  to  the  Batanes  Mr.  Fergiissoii,  of  this  Bureau,  found  several 
colonies  of  apparently  gangotie  sufferers  living  in  quarters  more  or  less  isolated 
from  the  main  villages.     These  people  are  regarded  as  lepers. 
57712 5 
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McLean  the  ulceration  became  quiescent  after  from  one  to  seven  years, 
the  average  time  being  two  years,  while  in  seven  cases  the  advance  was 
continuous  for  from  ten  to  thirty-five  years.  Periods  of  advance  and 
quiescence  may  alternate.  During  quiescence  there  is  an  abundant,  very 
offensive  discharge.  It  is  remarkable  that  the  general  health  is  hardly 
affected,  even  with  extensive  and  long  continued  ulceration.  An  excep- 
tion to  this  rule  is  to  be  noted  in  the  case  of  children  under  5  years,  in 
gangotic  families,  who  may  die  within  forty-eight  hours  from  a  fulminat- 
ing type  of  the  disease,  abnost  like  diphtheria.  The  ulceration  in  gangosa 
is  limited  to  the  throat  and  adjacent  parts.  No  similar  ulcers  are  found 
in  other  parts  of  the  body. 

We  had  no  opportunity  to  determine  the  etiological  factors  in  our  case. 
Mink  and  McLean  analyzed  125  cases  at  Guam  and  estimate  that  about 
two  per  thousand  of  the  native  population  are  affected,  whereas  Arnold 
gives  a  higher  estimate.  No  cases  have  been  seen  in  white  people  or 
in  those  of  mixed  blood.  The  majority  of  all  cases  develop  during  the 
second  and  third  decades,  and  more  during  the  second  than  at  any  other 
equal  interval ;  but  the  disease  may  appear  at  any  age  from  three  to  sixty 
or  eighty.  Women  are  attacked  more  frequently  than  men.  Gangosa  is 
not  hereditary,  but  is  probably  infectious.  The  natives  think  that  it 
comes  from  eating  fish.     The  degree  of  infectiousness  must  be  low. 

Gangosa  must  be  differentiated  from  other  forms  of  chronic  ulceration. 
Leprosy  can  be  excluded  by  the  absence  of  nodules,  infiltrations  and 
anaesthesia,  the  fact  that  the  characteristic  bacilli  can  not  be  found  in 
the  ulcer,  by  the  sudden  onset  of  gangosa,  and  by  the  general  gdod  con- 
dition of  the  patient.  From  the  other  granulomata,  the  differential 
diagnosis  should  not  be  difficult.  Epithelioma  may  be  excluded  by  the 
wide  prevalence  of  gangosa  in  a  small  community,  by  the  early  age  of 
onset,  the  protracted  course,  the  absence  of  metastases,  the  softer  base  of 
the  ulcer  and  the  histological  features. 

In  certain  respects  the  disease  resembles  an  unchecked  Vincent's  angina 
or  noma.  The  protracted  course  and  the  absence  of  general  symptoms 
exclude  noma.  In  our  case,  tissues  stained  by  Levaditi's  silver  method, 
by  Gram-Weigert  and  by  the  carbol-fuchsin  methylene  blue  method  for 
tubercle  bacilli  failed  to  show  the  spirochapta  of  Plant  and  Vincent. 

The  differential  diagnosis  from  syphilis  and  yaws  is  difficult.  We  do 
not  wish  to  enter  into  the  syphilis-yaws  controversy  at  this  time,  and  we 
will  merely  state  that  wc  have  never  seen  any  lesions  of  yaws  which  pre- 
sented the  faintest  resemblance  to  gangosa,  although  the  typical  fram- 
boesial  skin  lesions  are  not  uncommon  in  this  region.  However,  it  is 
obvious  that  gangosa  bears  a  strikingly  similar  appearance  to  the  ulcera- 
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tion  occurring  in  syphilis,  and  Hutchinson  *  has  presented  a  strong  case 
for  those  who  maintain  that  syphilis  and  yaws  are  modified  forms  of  the 
same  disease.  Neither  Mink  and  McLean,  nor  Leys,  found  any  syphilis 
whatever  among  the  natives  of  Guam  where  gangosa  prevails  so  widely 
and  thev  satisfied  themselves  that  there  is  no  casual  connection  between 
syphilis  and  gangosa.  Mink  and  McLean  also  convinced  themselves 
that  the  disease  is  independent  of  yaws.  Fordyce  and  Arnold  excluded 
syphilis  from  the  diagnosis  of  their  case,  because  of  the  long  duration 
of  the  ulcer  in  a  limited  area,  the  failure  of  antisyphilitic  remedies  to 
relieve  the  condition,  and  because  they  considered  it  unusual  to  have 
the  lachrymal  duct  involved  by  direct  extension  of  intranasal  syphilitic 
ulceration.  In  our  case,  the  patient  failed  to  respond  to  vigorous  anti- 
syphilitic  treatment.  There  were  no  other  signs  suggestive  of  syphilis 
either  clinically  or  at  autopsy,  the  histological  features  of  the  ulcer  were 
not  suggestive  of  syphilis  and  no  spirochaetae  could  be  found  in  the 
tissues  after  impregnation  with  silver  according  to  the  method  of  TjC- 
vaditi. 

Considering  both  the  literature  and  our  case,  we  think  that  the  weight 
of  evidence  is  in  favor  of  the  view  that  gangosa  is  a  disease  independent 
of  syphilis,  but  we  do  not  regard  this,  as  a  definitely  established  fact. 

Tuberculosis  must  also  be  differentiated.  In  our  case  the  patient  had 
unquestionably  a  chronic  pulmonary  tuberculosis  with  a  few  small  tuber- 
cles in  various  organs,  but  no  tuberculous  lesion  existed  along  the  ad- 
vancing edge  of  the  ulcer,  and  no  tubercle  bacilli  could  be  found  in 
it.  In  Fordyce's  case  the  inoculation  of  guinea  pigs  and  the  test  with 
tuberculin  proved  to  be  negative  for  tuberculosis,  and,  as  in  our  case, 
the  general  histological  appearances  were  unlike  that  disease.  At  the 
same  time,  there  were  giant  cells  in  Fordyce's  sections  and  in  both  his 
and  ours  there  were  extra vasated  red  blood  corpuscles.  According  to 
Stelwagon,*^  lupus  not  infrequently  attacks  the  mucous  membranes,  and 
may  affect  the  soft  palate,  hard  palate,  or  velum,  the  mucous  membrane 
involvement  taking  place  in  45  or  even  70  or  80  per  cent  of  the  cases. 
Against  tuberculosis  are  (1)  the  painlessness  of  the  lesion,  (2)  the  long 
duration,  (3)  the  continued  good  health  of  the  patient  and  (4)  the 
absence  of  symptoms  of  tuberculosis  elsewhere. 

The  considerations  enumerated  above  dispose  us  to  take  the  view  that 
this  patient  suffered  primarily  from  gangosa,  apparently  a  separate 
disease,  that  the  tuberculous  process  was  secondary  and  that  he  died  of 
a  terminal  acute  broncho-pneumonia. 

•  Framboesial  SyphiliH  (Yaws  and  Paranpfi)  ;  Atlas  of  Clinical  Medicine, 
Surgery  and  Pathology  of  the  New  Sydenham  Society.  Part  I,  Fasciculus  XIV 
(1902). 
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It  will  require  careful  obervations  on  several  eases  under  prolonged 
treatment  to  justify  a  positive  expression  of  opinion  as  to  the  part  played 
by  syphilis  or  yaws  in  the  gangotic  process.® 
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•While  this  article  was  in  press  SHU  (U.  S.  Naval  Med.  Bull.  (1907),  I,  96) 
reported  a  case  of  gangosa,  tlie  first  in  a  white  man.  The  patient,  a  sailor, 
liad  recently  come  from  Guam,  where  he  had  exposed  himself  to  gangosa,  but  he 
also  had  a  history  of  syphilis  five  years  l)efore.  Antisyphilitic  treatment  did  not 
check  the  disease. 


ILLUSTRATION. 


Plate  I.  A  photograph  Rhowing  the  deformity  of  the  nose  and  lip  produced  by 
gangosa. 
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Infection,  Immunity  and  Serum  Therapy  in  Relation  to  the  Infectious  Diseases 
which  Attack  Man,  with  Considerations  of  the  Allied  Subjects  of  Agglu- 
tination, Precipitation,  Hemolysis,  etc.  By  H.  T.  Ricketts,  M.  D.  Cloth. 
Pp.,  X  -h  600.  Price,  $2.50.  Chicago :  American  Medical  Association  Press, 
1906. 

This  excellent  review  has  become  so  widely  known  and  was  received 
so  favorably  on  its  first  appearance  in  the  columns  of  the  Journal  of 
the  American  Medical  Association  that  an  extensive  analysis  seems 
superfluous. 

The  book  is  divided  into  two  parts,  a  general  and  a  special.  In  the 
first  234  pages  the  facts  and  theories  of  infection  and  immunity,  together 
with  a  consideration  of  antibody  formation  in  general,  are  set  forth 
clearly,  interestingly  and  with  reasonable  fullness.  In  this  place  hsBmoly- 
sis  and  allied  processes  are  considered. 

In  the  second  division  of  the  book  the  diseases  of  an  infectious  nature 
are  classified  in  accordance  with  the  theoretical  considerations  of  part 
one.  A  review  of  the  recent  work  which  tends  to  throw  light  upon  the 
nature  of  the  process  involved  is  given  for  each  disease,  and  an  acccount 
is  given  of  the  methods  of  immunization  and  the  results  obtained.  In 
addition,  the  etiology  and  pathogenesis  is  entered  into  in  some  instances, 
notably  in  the  cases  of  the  protozoon  infections. 

In  general  the  style  is  so  clear  that  the  book  will  prove  intelligible  and 
interesting  to  medical  men  who  have  not  had  special  laboratory  training 
in  immunity  research.  The  general  arrangement,  subdivision  and  index- 
ing makes  the  book  available  for  quick  reference. 

R.  P.  o. 


Diagnostic  Methods.  By  Prof.  Dr.  Hermann  Sahli.  Edited  with  additions,  by 
Francis  P.  Kinnicutt,  M.  D.,  and  Natli*l  Bowditch  Potter,  M.  D.  Authorized 
translation  from  the  fourth  revised  (Jerman  edition.  Ch>th.  Pp.,  1008.  Price, 
$6.50  net.     Philadelphia  and  London:  VV.  B.  Saunders  Company,  1906. 

With  the  additions  made  bv  the  American  editors,  this  book  forms 
the  most  exhaustive  and  complete  attempt  yet  published  upon  the  sub- 
ject of  diagnosis.  Every  practicable  method  of  obtaining,  classifying 
and  properly  weighing  data  looking  to  a  determining  diagnosis  is  con- 

sidered,  including  subjective  and  objective  information  as  well  as  that 
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secured  by  laboratory  methods  and  by  the  use  of  instruments  of  preci- 
sion. The  most  remarkable  feature  of  the  book  is  its  originality,  it 
being  largely  built  up  from  Professor  Sahli's  own  experience. 

The  chapter  on  history  taking  and  general  consideration  of  subjective 
data  is  exceedingly  satisfactory  and  complete,  including  special  considera- 
tion of  the  more  frequently  occurring  and  striking  local  manifestations 
common  to  more  than  one  disease,  such  as  cedemas,  exanthemata,  etc. 

Physical  diagnosis  is  clearly  explained  and  some  of  its  phenomena 
interestingly  illustrated  by  diagrams  which  are  intelligible.  Blood  pres- 
sure and  the  pulse,  including  venous  pulsation,  are  given  with  a  clearness 
which  can  only  be  obtained  by  one  thoroughly  familiar  with  the  subject 
and  in  a  manner  so  attractive  as  to  stimulate  one  to  more  careful  obser- 
vation in  these  subjects. 

Stomach  disorders  have  probably  received  the  author's  closest  attention 
for  many  years,  and  the  section  of  his  book  dealing  with  this  subject  is 
an  interesting  and  very  complete  statement  of  the  known  facts  bearing 
upon  the  diagnosis  of  these  complex  diseases. 

There  are  a  few  criticisms  upon  the  book,  some  of  which  may  be  men- 
tioned. The  arrangement  of  the  subject-matter  is  apparently  without 
a  well-defined  system  and  is  somewhat  confusing  to  the  American  stu- 
dent; trypanosomiasis  is  not  mentioned  and  clinical  bacteriology  is  placed 
here  and  there  in  the  book  and  is  not  considered  with  the  fullness  its 
importance  deserves  in  a  work  of  such  magnitude. 

The  book  may  be  highly  recommended. 

W.  E.  M. 


The  Practitioner's  Medical  Dictionary.  An  illnstrated  dictionaxy  of  medicine 
and  allied  subjects,  inclnding  all  the  words  and  phrases  generally  nsed 
in  medicine,  with  their  proper  pronunciation,  derivation,  and  definition. 
Based  on  recent  medical  literature.  By  George  M.  Gould,  A.  M.,  M.  D. 
Illustrated.  Flexible  leather.  Pp.,  xvi  -f  1043.  Price,  $5.00  net.  Pbiladel- 
piiia:  P.  Blakiston's  Son  &  Co.,  1907. 

We  have  put  this  book  to  a  practical  test  and  have  found  it  admirably 
to  fulfill  the  object  for  which  it  was  designed.  The  practitioner  who 
desires  to  be  abreast  of  the  times  can  not  afford  to  ignore  the  beauty 
and  advantages  of  this  new  work.  The  specialist  will  find  it  not  only 
an  indispensable  aid,  but  he  will  rarely  need  to  look  further  than  its  pages 
for  anything  that  can  reasonably  be  expected  of  a  medical  dictionary. 
No  pains  have  been  spared  by  author  or  publisher  to  make  of  it  a  conven- 
ient, reliable  and  complete  working  guide  to  the  spelling,  pronunciation, 
derivation  and  definition  of  all  the  words  and  phrases  generally  used  in 
medicine.  Where  illustrations  could  be  added  with  advantage  they  have 
been  inserted  with  due  regard  to  economy  of  sj)ace.  All  new  words  of 
importance  have  been  added  while  retaining  all  old  ones,  except  those 
which  have  deservedly  fallen  into  disuse.     Due  recognition  has  been  given 
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the  metric  system  and  the  additions  and  changes  of  the  new  United  States 
Pharmacopoeia  have  been  included.  The  volume  contains  1,043  octavo 
pages,  is  printed  on  thin  paper  of  fine  quality  and  will  be  sure  to  please 
and  help  the  student,  physician  or  specialist. 

E.  C.  S. 


The  Physician's  Visiting  List   (Lindsay  A  Blakiston's)   for  1907.     Fifty-sixth 
year.     Limp  leather.     Price,  $1.00.     Philadelphia:  P.  Blakiston's  &  Co. 

This  well-known  record  system  maintains  the  excellence  of  previous 
editions.  The  arrangement  of  subject-matter  is  very  simple,  compact 
and  complete.  The  information  given  is  limited  to  essentials  given  in 
a  brief  but  satisfactory  manner.  The  Visiting  List  may  be  recommended 
as  a  time  saver  if  indeed  it  is  not  a  necessity. 

W.  E.  M. 


Retinosoopy  (or  Shadow  Test)  in  the  Determination  of  Refraction  at  one  Meter 
Distance,  with  the  Plane  Mirror.  By  James  Thorington,  A.  M.,  M.  D.  Fifth 
editicm,  revised.  Fifty-four  illustrations,  ten  of  which  are  colored.  Cloth. 
Pp.,  XIV -h  67.  Price,  $1.00  net.  Philadelphia:  P.  Blakiston's  Son  &  Co., 
1906. 

A  clear,  concise,  condensation  of  the  best  that  is  known  of  the  subject. 

The  author  has  shown  that  the  subject,  which  is  looked  upon  as  compli- 
cated by  many,  is  indeed  a  simple  matter  which  any  physician  can  under- 
stand, and  by  following  the  instructions  learn  the  practical  technique  of 
making  objective  refractions.  As  the  writer  of  this  review  has  been  re- 
facting  objectively  for  the  past  number  of  years  with  more  than  moderate 
success,  without  having  seen  a  practical  demonstration  and  having  had  no 
instruction  in  the  method  other  than  by  following  Thorington's  method, 
he  feels  that  his  own  experience  justifies  the  extolling  of  the  art  with 
which  the  subject  is  presented. 

The  passing  over,  with  but  few  remarks,  of  the  use  of  the  concave 
mirror  is  to  be  commended,  as  the  treating  of  it  fully  in  a  book  of  this 
kind  tends  to  confuse  the  student. 

A  typographical  error  is  found  on  page  40,  which  is  liable  to  cause 
considerable  confusion  to  the  beginner,  especially  to  one  who  is  not 
accustomed  to  handle  the  plus  and  minus  signs. 

The  manner  described  of  working  out  the  refraction  of  an  eye  when 
the  scissors  movement  is  found,  is  very  simple  and  most  satisfactory. 

The  axonometer  does  not  appeal  to  the  writer,  because  when  accessories 

are  used,  the  entire  number,  including  an  accurate  device  for  a^scertaining 

the  axis  of  the  astigmatism  is  found  in  the  Geneva  Combined  Opthal- 

moscope  and  Betinoscope,  which  is  much  easier  of  manipulation  than  the 

different  accessories  separately. 

J.  Ti.  o. 
67712 6 
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The  Practice  of  Obstetrics,  Designed  for  the  Use  of  Students  and  Practitioners  of 
Medicine.  By  J.  Clifton  Edgar.  With  1,279  illustrations,  idcluding  five 
colored  plates  and  38  figures  printed  in  colors.  Third  edition,  revised. 
Cloth.  Pp.,  1071.  Price,  $6.00.  Philadelphia:  P.  Blakiston's  Son  &  Co., 
1907. 

If  the  measure  of  success  of  an  individuaFs  work  be  attainment  of  aim, 
we  may  congratulate  the  author  of  this  book,  who  expresses  the  desire  "to 
present  the  subject  of  midwifery  from  a  practical  and  clinical  standpoint, 
so  that  it  will  best  facilitate  the  requirements  of  the  student  of  medicine, 
and  of  the  active  obstetrician." 

The  book  is  divided  into  ten  parts,  and  each  part  carefully  and  fully 
subdivided  for  convenience  of  reference,  which  is  certainlv  obtained. 

The  sections  on  Hygiene  of  the  Sexual  Function,  Hygiene  of  Pregnancy 
and  the  Hygiene  of  the  Newly  Born  are  full  of  good  suggestions.  In 
the  section  on  physiological  pregnancy,  much  space  is  given  to  the  *'Ex- 
amination  of  Pregnancy"  and  the  possibilities  of  Roentgen-ray  pelvimetry 
hinted  at.  The  section  on  pathological  pregnancy  is  important,  contain- 
ing lengthy  discussions  on  all  possible  anomalies  and  diseases  of  the 
membranes,  placenta  and  cord,  while  unusual  length  of  description  is 
given  to  deformities  and  monstrosities  of  the  foetus. 

In  antenatal  diseases  of  the  foetus,  the  author  regards  variola,  cholera, 
typhoid  fever  and  syphilis  as  being  most  uniformly  harmful  to  foetaJ  life. 
The  toxaemia  of  pregnancy  is  defined  as  a  state  of  the  blood  and  of  meta- 
bolism possibly  arising  from  hepatic  insufficiency  and  is  discussed  at 
length  under  the  diagnoses  of  hyperemesis,  eclampsia,  polyneuritis,  etc. 

Abortion  and  ectopic  gestation  each  have  lengthy  chapters  devoted  to 
them. 

The  sections  on  labor,  both  physiological  and  pathological,  contain 
very  plain,  clear  statements  and  illustrations  so  that  it  would  seem  im- 
possible for  anyone  to  go  astray  after  having  read  these  chapters. 

Dystocia  is  discussed  from  every  possible  standpoint,  even  to  the  adop- 
tion of  an  "anti-dystocia  diet"  according  to  Prochownik's  scheme. 

The  section  on  the  physiological  puerperium  is  particularly  useful  in 
its  clear  statements  of  good  management  through  the  period. 

Morbidity  in  the  puerperium  is  careful  analyzed  and  classified.  The 
author  does  not  seem  to  favor  the  use  of  antistreptococcic  serum,  either 
as  a  preventive  or  as  a  curative  agent  in  the  treatment  •of  puerperal 
infection. 

The  section  on  the  "Xewly-Born"  is  very  complete  and  lucid. 

The  final  section  on  "Obstetric  Surgery"  includes  an  interesting  stud}^ — 
on  "Posture  in  Obstetrics  and  its  relation  to  increase  or  decrease  of  pelvic^ 
diameters,  also  valuable  hints  as  to  corrections  of  faulty  positions,  the=^ 
use  of  the  forceps,  Caesarian  section,  etc." 
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The  size  and  weight  of  the  book  are  against  it,  and  there  are  many 
repetitions,  perhaps  unavoidable  according  to  its  plan,  but  the  evidences 
of  years  of  rich  clinical  experience  and  diligent  research,  combined  with 
the  art  of  the  teacher  in  presenting  a  subject  clearly  and  fully,  overcome 
any  slight  objections. 

The  type  is  good,  the  illustrations  clear  and  profuse,  wliile  the  table  of 
contents  and  index  are  all  that  can  be  desired  in  their  line. 

E.  J.  P. 
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SOME  REMARKS  CONCERNING  KUBISAGARI  OR 

VERTIGE  PARALYSANT.' 


By   KiNNOSUKE    MlUBA. 

(Professor  of  internal  medicine  in  the  Imperial  Japanese  University  at  Tokyo.) 


An  interesting  disease  has  prevailed  for  a  considerable  period  of  time 
among  the  working  peasant  class  of  Japan,  in  the  Northern  Provinces, 
especially  in  the  neighborhood  of  Homori  and  Iwateken.  The  principal 
symptoms  consist  in  a  dimness  of  vision,  ptosis,  diplopia;  difficulty  in 
speech,  in  deglutition  and  in  mastication,  as  well  as  weakness  in  the 
muscles  of  the  back  of  the  neck  and  of  the  extremities.  At  a  later  time 
the  investigations  of  my  assistant,  Takemura,  demonstrated  that  this  same 
disease  occurs  in  some  villages  of  Tokushimaken  on  the  Island  of  Shikoku, 
hut  in  a  less  pronounced  form.  My  investigations  in  the  regions  men- 
tioned above,  undertaken  in  the  years  1894  and  1895,  demonstrated  the 
affection  to  be  identical  with  endemic  paralytic  vertigo  observed  by 
Gerlier  in  Femey,  Switzerland.  So  far  as  is  known  to  me,  no  similar 
reports  have  come  from  other  parts  of  the  world  and  therefore  I  have 
called  your  attention  to  this  disease. 

Endemic  paralytic  vertigo  (or  kubisagari)  has,  if  I  can  compare  it 
with  a  disease  known  to  you,  a  great  similarity  to  myasthenia  gravis,  with 
this  difference,  that  our  disease  appears  more  generally  in  the  summer 
time  in  restricted  neighborhoods  where  it  is  endemic  and  epidemic,  and 
that  the  paresis  appears  Rimultanoonsly  in  various  muscular  regions. 
The  symptoms  are  as  follows : 

1.  Eye  symptoms,  namely,  ptosis,  dimness  of  vision,  diplopia,  hyper- 
jemia  of  the  papilla  and  its  surroundings. 

2.  Motor  disturbances  of  the  tongue,  and  lips  and  interference  with 
mastication,  more  seldom  with  deglutition. 

3.  Paresis  of  the  muscles  of  the  back  of  the  neck  and  gluteal  region. 

*  Read  at  the  Fourth  Annual  Meeting  of  the  Philippine  Tslan^ls  Medical  Associa- 
tion, Manila. 
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4.  Paresis  of  the  muscles  of  the  extremities. 

According  to  Gerlier  there  may  also  be  added  neuralgic  radiating  pains 
to  the  back  of  the  neck,  back  and  to  the  periphery  (such  as  forehead, 
shoulder  and  arms) ;  more  seldom  an  increase  of  the  secretions  of  the 
nose,  tear  ducts  and  salivary  glands  is  observed.  Cramps,  anaesthesia, 
hyperaesthesia,  and  disturbances  of  the  organs  of  sense,  or  of  the  bladder 
and  large  intestine  are  always  lacking. 

To  begin  with,  the  symptoms  observed  in  the  eyes,  obscureness  of  vision 
and  ptosis,  are  the  most  important.  'The  first  of  these  begins  with  a 
blurring  of  the  contours  of  objects  which  are  observed ;  the  patients  state 
that  they  see  everything  as  if  it  were  surrounded  by  a  fog.  Some  remark 
that  they  see  near  objects  indistinctly,  with  others  it  is  the  reverse,  still 
others  have  impaired  vision  both  for  near  and  far  objects.  In  addition 
to  the  dimness  of  vision,  ptosis  is  a  frequent  symptom  and  one  which  is 
more  easily  shown  in  an  objective  manner.  This  can  exist  in  a  slight 
degree  even  at  times  when  the  patient  is  otlierwise  apparently  free  from 
the  disease.  It  appears  in  different  degrees;  it  may  be  so  slight  that  it 
only  gives  the  patient  a  sleepy  appearance  or  it  may  be  so  pronounced 
that  only  a  hair-like  slit  is  seen  between  the  lids.  It  is  brought  about 
by  a  paresis  of  the  levator  muscles  of  the  upper  lid  and  is  generally 
bilateral.  Diplopia  is  less  frequent  and  according  to  my  observation  is 
caused  by  a  paresis  of  tlie  rectus  intemus  muscle.  Gerlier,  in  addition, 
mentions  photophobia,  photopsia  and  disturbances  in  the  color  sense. 
Eperon,  Sulzer  and  I  demonstrated  hyperaemia  of  the  papilla,  the  optic- 
nerves  and  their  surroundings,  during  the  attack. 

Disturbances  of  speech,  of  the  movements  of  mastication  and  d^lu- 
tition  are  only  seen  in  severe  cases.  During  lengthy  conversation  the 
speech  gradually  becomes  more  and  more  indistinct  and  difficult  to 
understand,  because  of  increasing  weakness  of  the  tongue  and  lips.  The 
muscles  participating  in  mastication  and  deglutition  at  the  same  time 
lose  their  normal  strength,  so  that  the  patient  soon  is  unable  strongly 
to  bite  on  a  finger  tlirust  into  his  mouth,  and  finally  he  is  unable  even 
to  swallow  water.  It  is  therefore  not  a  rare  occurrence  that  a  person 
suffering  from  hibisagari  loses  all  his  food  from  his  mouth  during  a 
meal,  instead  of  swallowing  it. 

The  paresis  of  the  muscles  of  the  back  of  the  neck,  back  and  extremities 
is  observed  most  frequently  when  the  peasants  are  working  in  swampy 
rice  fields  bent  over  their  work,  as  occurs  in  planting  rice  and  in  weeding. 
Under  these  circumstances  they  first  observe  pressure  and  heaviness  in 
the  back  of  the  n(^ck,  the  head  sinks  forward  and  can  only  be  raised  with 
difficulty,  so  that  in  these  cases  a  bandage  is  tied  over  the  forehead  and 
fastened  by  a  string  to  the  belt,  in  order  to  allow  the  sick  one  to  work. 
The  paresis  of  the  muscles  of  the  loins  is  manifested  by  the  fact  that  the 
sufferer  finds  difficulty  in  raising  himself  to  an  erect  posture  after  bending 
forward,  and  he  must  support  himself  by  this  hands  on  his  thighs  or  hips; 
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he  also  complains  of  weakness  in  the  body.  Paresis  of  the  extremities 
is  manifested  by  dropping  objects  from  the  liands,  or  the  patient  moves 
painfully  with  a  cane  or  along  a  wall  or  similar  support.  As  the  ptosis 
and  dimness  of  vision  is  in  these  cases  generally  'intense,  the  patients 
are  usually  compelled  to  keep  quiet  and  await  the  passing  away  of 
the  attack.  All  the  motor  disturbances  first  appear  in  muscles  which 
are  exerted,  especially  in  cases  of  repeated,  identical  movements,  as  for 
example,  during  mowing  with  a  scythe,  pumping,  marching,  chewing, 
writing,  etc. 

The  symptoms  given  above  do  not  appear  simultaneously  nor  with  equal 
intensity  in  all  cases,  but  one  more  generally  finds  them  together  in  severe 
attacks;  in  the  lighter  ones  there  is  either  only  ptosis  with  dimness  of 
vision,  or  in  addition  only  weakness  of  the  muscles  of  the  back  of  the  neck. 

The  length  of  the  attack  is  generally  short,  it  rarely  exceeds  ten  or 
fifteen  minutes,  but  it  reappears  readily  as  soon  as  the  customary  work 
is  continued. 

The  patients  are  well  in  the  intervals  between  the  paroxysms.  They 
are  neither  anaemic  nor  nervous :  the  liver,  spleen  and  other  organs  show  no 
abnormalities,  the  blood  contains  no  parasites  either  during  the  attacks 
or  in  the  interval,  the  corpuscular  elements  are  also  not  materially  altered. 
Only  patients  who  have  suffered  from  repeated,  severe  attacks  are  left 
with  a  certain  degree  of  ptosis  and  weakness  of  the  muscles  of  the  back 
of  the  neck,  trembling  of  the  hands,  uncertainty  of  gait  and  speech 
(Gerlier)  as  well  as  increased  reflexes. 

Causative  factors  of  the  attacks  are  bodily  exertion,  notably  labor  in  a 
stooping  position,  and  repeated,  uniform  motions,  especially  on  an  empty 
stomach  or  after  the  ingestion  of  food  difficult  of  digestion.  Writing, 
reading,  steady  attention,  mixing  with  crowds  of  persons  and  similar 
circumstances  also  act  in  a  similar  manner.  On  the  other  hand,  the 
attacks  are  diminished  or  stopped  by  rest  and  change  of  location.  This 
fact  renders  the  study  of  the  disease  in  hospitals  almost  impossible. 

In  regard  to  differential  diagnosis,  in  the  first  place  myasthenic  para- 
lysis must  be  taken  into  consideration  as  in  this  disease  also,  generally 
by  repeated  movements,  the  muscular  strength  gradually  diminishes. 
On  the  other  hand,  in  kubisagari  there  is  sometimes  a  weak  indication 
of  the  myasthenic  reaction,  but  kubisagari  is  distinguished  from  the 
above-named  disease  by  its  endemic-epidemic  character  as  well  as  by 
its  sudden  appearance,  by  the  dimness  of  vision  and  by  the  rapid  and 
more  general  extent  of  muscular  weakness,  etc.  It  is  scarcely  necessary 
here  to  enter  upon  a  more  exact  discussion  of  the  differential  diagnosis 
between  the  disease  and  neurasthenia  (ordinary  paroxysmal  lameness.) 

The  etiology  of  this  peculiar  disease  is  obscure.  The  superstitious 
peasants  in  Japan  have  thought  of  a  supernatural  influence  of  the 
wandering  spirits  of  the  dead  who  have  found  no  resting  place. 
The   Swiss   peasants   believed   in   witchcraft.    Ladame   contends   that 
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the  epidemic  spreading  of  the  infection  may  be  attributed  to  obscure 
psychic  influen(!es.  David  suggested  adulterated  alcoholic  beverages,  or 
a  poisoning  by  bread  or  lentils.  Other  physicians  in  Japan  and  in 
Europe  believe  that  latent  malaria  is  the  cause,  but  the  clinical  picture 
and  the  blood  examination  are  against  this  view.  Gterlier  was  the  first 
who  emphasized  the  close  connection  between  this  disease  and  those  who 
work  in  horse^s  and  coVs  stables.  After  he  had  excluded  the  possible 
etiologic  factors,  one  by  one,  he  emphasized  that  it  appears  most  frequently 
in  peasants,  day  laborers,  or  persons  who  are  occupied  with  the  care  of 
cows  and  horses,  whereas  landowners  and  women  are  free  from  endemic 
paralytic  vertigo.  Kubisagari  also  is  general  in  those  regions  of  Japan 
where  a  portion  of  the  dwelling  is  used  as'  a  stable  for  horses  or  cows  and 
when  there  is  no  idea  of  cleanliness.  If  we  compare  the  region  in 
Switzerland,  where  endemic  paralytic  vertigo  is  frequently  encountered, 
with  Aomori  and  Iwate,  where  kubisagari  is  endemic,  we  observe  great 
differences  in  the  geological  structure  of  the  region  and  the  food  of  the 
peasants.  Only  one  point  is  in  common — ^in  Switzerland  the  custom  of 
sleeping  in  the  stable  and  in  Japan  the  imperfect  separation  of  stable  and 
dwelling. 

Gerlier  maintains  "dans  le  bassin  de  L^man,  il  est  d^usage  qu'on  couche 
d  Fetable,  ce  qui  n^est  pas  admis  dans  les  cantons  de  Berne  et  de  Tribourg 
ou  la  maladie  est  inconnue."  With  us  in  Japan  the  r^on  of  Aomori 
and  Iwate  is  the  territory  where  agriculture  and  the  raising  of  cattle 
take  place  side  by  side,  so  that  in  each  peasant^s  cottage,  horses  or  cattle 
are  maintained  and  eared  for  more  carefullv  than  the  children.  The 
inhabitants  of  this  region  generally  have  the  bam  so  arranged  that  a 
part  is  used  as  a  stable,  and  only  an  incomplete  partition  exists  between 
the  two  spaces,  so  that  not  only  the  air  but  also  insects  have  free  access 
to  all  parts.  The  structure  of  the  houses  is  planned  for  the  winter 
months.  The  stable,  however,  is  the  place  where  throughout  the  year, 
processes  of  decomposition  are  going  on  and  where  there  is  a  certain 
degree  of  heat  in  conjunction  with  imperfect  lighting,  a  true  incubator 
of  micro-organisms,  for  the  manure  is  only  cleaned  out  twice  a  year. 

At  this  point  our  knowledge  ends.  Is  the  etiologic  factor  an  animal 
or  a  vegetable  micro-parasite?  Is  the  disease  transferred  by  air,  food, 
insects  or  domestic  animals?  The  answer  to  these  questions  must  be 
left  to  the  future.  Horses  and  cattle  seem  to  resist  this  disease,  but  cats 
and  chickens  have  been  observed  to  be  attacked  by  it,  but  much  more 
rarely  than  human  beings. 

Prophylactic  measures  are  the  removal  from  the  neighborhood  of  horse's 
or  cow's  stables  and  the  avoidance  of  such  places  for  the  midday  or  night 
sleep.  No  great  hope  can  be  entertained  from  the  use  of  medicaments, 
the  best  results  are  obtained  from  a  combination  of  potassium  iodide 
and  arsenic.  So  far  as  is  now  known,  no  deaths  have  resulted  from  this 
disease,  although  it  runs  a  course  with  bulbar  appearances. 
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By  Richard  P.  Strong. 
(From  the  Biological  Laboratory,  Bureau  of  Science,  Manila,  P,  /.) 


The  epidemic  of  Asiatic  cholera  which  has  recently  passed  through  these 
Islands  and  has  now  subsided,  occasions  me  at  this  time  briefly  to  sum- 
marize the  work  of  this  laboratory  in  connection  with  the  suppression  of 
the  outbreak.  In  all,  there  were  7,085  cases  of  cholera  with  5,243  deaths 
reported  by  the  Bureau  of  Health  for  the  Philippine  Islands.  Dr.  Victor 
G.  Heiser/  Director  of  Health,  in  an  admirable  article,  has  recently 
discussed  the  origin  and  histor}'  of  the  outbreak  and  the  general  hygienic 
measures  employed  in  combating  the  disease.  My  remarks  will  be  limited 
to  the  laboratory  measures  carried  on  in  connection  with  the  epidemic. 

The  first  case  of  cholera  discovered  in  the  outbreak  occurred  in  Bilibid 
Prison  on  August  23,  1905.  An  autopsy  was  performed  and  a  bacterio- 
logical diagnosis  of  cholera  was  reported  sixteen  hours  later  to  the  Bureau 
of  Health.  The  Philippine  Islands  had  supposedly  been  entirely  free 
from  cholera  for  the  preceding  seventeen  months.  Following  the  labor- 
atory diagnosis  of  the  first  case,  others  suspicious  of  this  disease  were 
discovered  by  the  representatives  of  the  Bureau  of  Health,  and  within 
the  next  few  weeks  a  positive  bacteriologic  diagnosis  of  cholera  had 
been  rendered  by  the  laboratory  in  over  one  hundred  instances.  Soon 
after  the  report  of  the  first  case  was  made  public,  numerous  specimens 
of  the  faeces  of  other  patients  suspected  of  having  cholera  were  sent  to 
the  laboratory  for  bacteriological  study  and  throughout  the  course  of  the 
epidemic  examinations  were  carried  on  by  members  of  the  laboratory  staff 
either  in  the  central  building  or  in  the  several  hospitals  where  the  sus- 
pected cases  had  been  brought.  An  assistant  of  this  laboratory  was  also 
stationed  at  the  cholera  hospital  and  was  prepared  at  any  hour  of  the  day 
or  night  to  undertake  the  bacteriological  diagnosis  of  the  cases  admitted. 
The  cholera  spirillum  was  found  present  in  412  of  582  specimens  of 
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faeces  examined,  and  in  304  autopsies  performed  by  members  of  the  labor- 
atory staff  on  cases  supposed  to  have  died  of  cholera,  the  diagnosis  of  this 
disease  was  confirmed  in  260;  129  specimens  of  drinking  water,  collected 
from  reservoirs,  wells  and  other  sources  of  supply  were  also  sent  to  be 
examined  for  infection  with  the  cholera  spirillum,  but  from  only  3  of 
these  was  this  organism  isolated. 

METHODS   EMPLOYED  IN   THE  BACTERIOLOOIO   DIAGNOSIS. 

Several  methods  were  employed  in  performing  the  bacteriologic 
diagnosis  from  the  faeces,  an  attempt  being  made  in  each  instance  to 
secure  as  prompt  a  result  as  possible.  All  methods  which  were  not  based 
upon  the  isolation  of  a  pure  culture  of  the  cholera  organism  to  be 
employed  in  the  subsequent  tests  proved  at  times  to  be  untrustworthy. 
The  one  which  was  demonstrated  to  be  perfectly  reliable  in  practically 
all  acute  cases  and  by  means  of  which,  in  addition,  a  definite  diagnosis 
could  usually  be  reached  within  six  to  eight  hours  and  almost  invariably 
in  from  sixteen  to  eighteen  hours,  was  as  follows:  Numerous  alkaline 
agar  plate  cxdtures  were  prepared  directly  from  the  cholera  stools,  some 
being  inoculated  with  large  and  others  with  small  portions  of  the  faeces, 
various  dilutions  being  prepared;  the  cultures  were  placed  at  37°  C.  and 
as  soon  as  the  colonies  became  sufficiently  developed,  those  which  re- 
sembled colonies  of  the  cholera  spirillum  were  suspended  in  saline  solu- 
tion. Agglutinative  and  bacteriolytic  tests  by  the  microscopic  method 
were  then  performed  with  them  and  a  standard  fresh  cholera  serum  in 
proper  dilutions.  The  morphology  and  motility  of  the  organism  were 
also  noted.  Frequently,  after  twelve  to  sixteen  hours  from  the  time 
of  the  inoculation  of  the  plates,  sufficient  growth  was  obtained  in  addi- 
tion to  carry  out  the  Pfeiffer  bacteriolytic  test  with  the  same  cholera 
serum,.in  the  abdominal  cavity  of  a  guinea  pig.  This  method  frequently, 
although  not  invariably,  proved  to  be  the  quickest  means  by  which  a 
diagnosis  could  be  made,  and  the  preparation  of  the  plate  cultures 
from  the  suspected  faecal  material  soon  became  a  routine  one  in  the 
laboratory.  In  case  a  positive  diagnosis  was  reached  by  methods  re- 
quiring a  briefer  period  of  time,  the  subsequent  agglutinative  and 
bacteriolytic  tests  by  the  first  described  method  were  not  always  per- 
formed, but  if  a  negative  result  was  obtained  by  the  briefer  procedures, 
then  these  tests  were  carried  out  and  they  sometimes  finally  resulted  in 
establishing  a  diagnosis  of  cholera. 

Another  method  which  frequently  could  be  relied  upon  for  diagnosis 
in  case  of  a  positive  result,  consisted  in  making  the  inoculations  from 
the  stool  directly  into  tubes  of  2  per  cent  peptone  solution  and  of  the 
performance  of  the  agglutinative  test  by  the  microscopic  method  with 
drops  of  this  medium  taken  from  the  surface  and  added  to  a  cholera 
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immune  serum.  This  test^  together  with  the  examination  of  the  mcHr- 
phology  and  motility  of  the  organism,  was  performed  five  or  six  hours 
after  the  inoculation  of  the  cultures  and  in  case  a  negative  result  was 
obtained,  was  repeated  after  from  sixteen  to  twenty-four  hours.  Only 
when  positive  reactions  are  encountered  by  this  method  can  the  diagnosis 
be  considered  to  be  conclusive.  In  case  of  a  negative  result,  a  study  of 
the  plate  cultures  which  should  previously  have  been  prepared  should 
be  resorted  to.  In  some  cases  in  which  no  agglutination  of  the  organ- 
isms which  has  been  cultivated  in  this  way  by  the  enriching  process 
resulted,  cholera  spirilla  were  later  isolated  and  identified  by  means  of 
plate  cultures.  The  success  of  the  peptone  solution  method  in  securing 
a  positive  diagnosis  obviously  depends  chiefly  upon  the  number  of  cho- 
lera spirilla  which  exist  in  the  stool. 

A  number  of  experiments  in  diagnosis  were  also  carried  on  according 
to  the  method  advised  by  Dunbar  ^  and  by  means  of  which  an  immediate 
diagnosis  of  cholera  may  occasionally  be  made  from  the  faeces.  However, 
it  is  worth  while  to  undertake  this  method  only  with  specimens  of 
.excreta  in  which  numerous  organisms  with  more  or  less  typical  morphol- 
ogy of  the  cholera  spirillum  are  present.  In  stools  of  this  nature  the 
reaction  should  always  be  attempted  because  of  the  immediate  results 
which  may  sometimes  be  obtained.  Care  must  be  taken  to  distinguish 
pseudo-reactions,  and  only  those  cases  should  be  considered  as  conclu- 
sive in  which  the  agglutination  is  distinct  and  well  marked.  The  re- 
action frequently  failed  in  instances  of  undoubted  cholera  from  which 
pure  cultures  of  the  cholera  spirillum  were  later  isolated  and  identified. 
The  so-called  cholera-red  reaction,  performed  with  peptone  cultures  and 
with  nitrite  free  sulphuric  acid,  could  only  be  considered  in  determining 
the  diagnosis  when  a  positive  result  was  obtained,  and  even  then  the 
reaction  could  only  be  regarded  as  confirmatory  from  a  bacteriologic 
standpoint.  A  single  negative  reaction,  even  though  a  satisfactory 
peptone  media  had  been  employed,  could  not  be  looked  upon  as  an 
important  argument  against  a  positive  diagnosis  of  the  cholera  organism, 
since  different  strains  were  found  to  vary  in  this  respect.  Obviously, 
the  cholera-red  reaction,  imless  performed  with  pure  cultures  of  the 
spirillum,  is  entirely  untrustworthy  and  the  resultH  (-an  not  be  depended 
upon  even  as  an  aid  in  diagnosis. 

No  experiments  were  performed  with  the  specimens  sent  for  diag- 
nosis^ with  the  object  of  differentiating  by  means  of  the  blood-agar  of 
Prausnitz'  the  cholera  spirillum  from  other  cholera-like  vibrous  in 
the  stools,  the  agglutinative  and  bacteriolytic  tests  having  by  practical 
experience  proved  to  be  satisfactory  for  clinical   diagnostic   purposes, 

^BerX.  Klin.  Wchnsch.    (1905),  42,  1237. 
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notwithBtanding  the  experiments  of  Kraus.  The  bactehologic  diagnoeis 
in  cases  of  cholera  in  the  late  stages  of  the  disease  was  sometimes  ver}* 
difficult,  and  a  careful  study  of  the  faeces  by  plate  cultures,  prepared 
both  directly  from  the  stool  and  from  tlie  surface  of  peptone  solution 
cultures  previously  inoculated  with  large  amounts  (several  cubic  centi- 
meters) of  the  stool,  is  sometimes  necessary  in  such  cases  before  the 
organism  is  isolated.  Frequently,  an  examination  of  the  agglutinative 
and  bactericidal  reaction  of  the  blood  serum  of  the  patient  in  these 
subacute  cases  will  render  further  assistance  in  reaching  a  diagnosis, 
particularly  if  the  reactions  are  positive. 

PREPARATION  AND  FURNISHING  OF  OIIOLERA  IMMUNE  SERA  FOR  DIAGNOSIS. 

In  addition  to  the  preparation  of  fresh  cholera  immune  sera  for  diag- 
nostic purposes  in  the  central  laboratory,  such  sera  were  also  prepared 
and  furnished  to  various  physicians  and  institutions  in  the  city  and 
in  certain  of  the  provinces  for  use  in  the  bacteriologic  diagnosis  of  the 
disease.  No  dried  cholera  serum  was  issued,  it  having  been  found 
practicable  and  more  desirable  to  furnish  a  fresh  serum  by  means  of 
which  not  only  an  agglutinative  test,  but  also  a  bacteriolytic  one  under 
the  microscope  according  to  the  method  of  Bordet  could  be  performed. 
It  was  found  that  a  single  intravenous  inoculation  of  a  rabbit  with  the 
immunizing  substances  extracted  from  about  60  to  70  milligrams  of  a 
virulent  cholera  organism  would  furnish  a  serum  of  sufficient  value 
for  all  practical  purposes  in  diagnosis.  The  animal  may  be  bled  to 
death  on  the  sixth  or  seventh  day  after  such  an  inoculation  and  the 
serimi  separated.  Such  sera  almost  invariably  show  an  agglutinative 
value  of  from  1 : 1,000  to  1 :  2,000;  values  as  low  as  1 :  800  have  been 
obtained  only  in  exceptional  cases.  The  bactericidal  almost  invariably 
exceeds  the  agglutinative  value  of  the  serum  prepared  in  this  manner, 
the  different  sera  reacting  bactericidal ly  in  amounts  of  from  0.2  to  0.05 
milligram. 

After  the  serum  had  been  standardized  it  was  sealed  in  test  tubes 
and  was  ready  for  delivery.  Fresh  serum  produced  by  this  method  was 
kept  on  hand  throughout  the  epidemic. 

PROPHYLACTIC    INOCUI^VTIONS. 

The  laboratory  in  addition  to  the  diagnostic  work  was  particularly 
occupied  in  the  preparation  and  standardization  of  cholera  prophylactic 
and  in  the  performance  of  the  protective  inoculations  against  the  disease 
in  certain  badly  infoctod  cholera  districts  in  Manila  and  the  provinces. 

The  propliylactie  i)repare(l  and  employed  consisted  of  the  immuniz- 
ing sul)stan((^  extract (m1   from   the  cliolora  spirillum  and  suspended  in 
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saline  solution.*  The  method  5f  its  preparation  has  been  described 
in  detail  in  former  articles  from  this  laboratory.  It  will  be  suflBcient 
to  state  here  that  an  organism  known  to  possess  high  immunizing  and 
peptonizing  powers  and  one  of  maximum  virulence  is  selected  and  grown 
upon  the  surface  of  large  test  tubes  containing  1  per  cent  alkaline  agar. 
After  twenty  hours,  the  growth  of  one-half  of  the  number  of  inoculated 
culture  tubes  is  suspended  in  0.85  per  cent  saline  solution,  1  cubic 
centimeter  being  employed  for  approximately  every  30  to  35  milligrams 
of  bacteria.  The  suspension  is  heated  for  one  hour  at  60°  C.  and  then 
placed  at  a  temperature  of  37°  for  from  three  to  four  days.  At  the  end 
of  this  time  its  sterility  is  tested,  it  is  filtered  through  a  Berkefeld 
candle  and  the  filtrate  saved.  The  remaining  half  of  the  twenty-hour 
agar  cultures  is  suspended  in  sterile  distilled  water,  1  cubic  centimeter 
to  each  30  to  35  milligrams.  This  suspension  of  the  living  organisms 
is  then  placed  on  an  electrical  shaking  maxihine  and  throughly  shaken 
for  from  three  to  four  days.  At  the  end  of  this  time  cultures  are  taken 
to  ascertain  if  the  growth  is  pure  and  the  suspension  is  then  also  filtered 
through  a  Berkefeld  candle.  The  two  filtrates  are  subsequently  mixed 
in  equal  proportions  and  carbolic  acid  added  to  0.5  per  cent  The  pro- 
phylactic is  finally  bottled  in  glass  fiasks,  the  smaller  ones  being  sealed 
in  the  flame.  Two  cubic  centimeters  of  this  mixture  represents  an  adult 
dose.  After  the  sterility  of  each  sample  of  the  vaccine  has  been  tested 
by  animal  inoculation  and  by  anaerobic  cultures,  it  is  standardized 
according  to  the  number  of  units  of  immunity  to  which  it  gives  rise 
after  inoculation ;  one  unit  of  immunity  equaling  the  amount  of  immune 
serum  which  will  protect  a  guinea  pig  of  250  grams  weight  against  the 
intraperitoneal  inoculation  of  ten  times  the  fatal  dose  of  living  cholera 
organisms.  If  1  cubic  centimeter  of  the  vaccine,  when  injected  intra- 
venously into  a  rabbit,  does  not  give  rise  to  at  least  10,000  units  of 

*  The  process  by  means  of  which  this  prophylactic  is  prepared  may  be  regarded 
as  the  outcome  of  the  experimental  work  performed  by  Koch,  Neisser  and  Shiga, 
Wassermann,  Brieger,  and  myself.  The  idea  of  using  the  immunizing  substances 
(free  receptors)  extracted  from  Bacillus  typhosus  and  Harillus  dysenteriae  for 
producing  immune  sera  originated  in  Khrlich's  laboratory  with  Neisser  and 
Shiga  ■  in  1903,  and  that  of  using  the  extracted  free  receptors  of  the  cholera 
spirillum  for  prophylaxis  against  cholera  in  Wassermann's  laboratory  a  few 
months  later  (during  the  same  yeiir)  where  1  "  was  able  to  carry  on  the  first 
extensive  and  conclusive  experiments  in  regard  to  its  value.  Later  Shiga  ^ 
advocated  and  used  the  method  for  preparing  a  prophylactic  against  typhoid 
fever. 

Brieger  and  Mayer"  called  attention  to  the  advantage  of  extracting  the  soluble 
subBtances  of  the  organisms  by  shaking  in  distilled  water. 

"Deutsche  med,  Wchnsch.  (1903),  4,  01. 

•Aw.  Med.   (1903),  6,  272. 

^Berl.  klin,  Wchnsch.  (1904),  4,  79. 

•Deutsche  Med.  Wchnsch.   (1904),  30,  9ft0. 
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immunity,  it  is  not  issued  for  human  inoculation.  No  method  of 
standardizing  the  small  amount  of  anti-endotoxin  which  the  prophylactic 
will  give  rise  to  in  animals  has  been  found  to  be  either  practicable  or 
of  value.  During  the  period  of  the  epidemic  the  prophylactic  was  man- 
ufactured and  used  in  large  quantities  and  a  sufficient  supply  was  kept 
on  hand  for  emergencies. 

EFFICIENCY  OF   THE  PBOPHYLACTIO. 

I  called  attention  to  the  fact  in  my  previous  publications  on  the 
subject  of  protective  inoculation  against  Asiatic  cholera,  that  animals 
could  invariably  be  protected  against  a  subsequent  cholera  infection  with 
even  multiple  lethal  doses  of  the  organism  as  the  result  of  a  single 
inoculation  of  this  prophylactic,  in  doses  of  from  1  to  5  cubic  centi- 
meters: and  that  in  addition  agglutinative  and  bactericidal  substances 
became  developed  in  considerable  quantities  in  the  blood  sera  of  such 
animals.  However,  the  antitoxic  value  of  these  sera  was  only  moderate. 
It  was  also  demonstrated  that  the  antibodies  which  developed  in  the 
blood  of  individuals  after  inoculation  with  the  prophylactic  were  iden- 
tical with  those  which  were  encountered  in  patients  convalescent  from 
cholera,  and,  in  addition,  that  these  immunizing  substances  were  fre- 
quently present  in  greater  amounts  after  vaccination  than  after  a  natural 
attack  of  the  disease.  Moreover,  it  was  shown  that  animals  which  con- 
tained these  same  antibodies  in  sufficient  quantities  in  their  sera  were 
also  invariably  immune  to  cholera  infection,  the  amount  of  the  immune 
bodies  in  the  serum  being  proportional  to  the  degree  of  immunity  to 
infection  possessed  by  the  animal. 

From  a  single  intravenous  inoculation  of  rabbits  with  an  amount 
of  the  prophylactic  containing  the  receptors  extracted  from  2  oesen  of 
a  virulent  cholera  organism,  sera  were  obtained  which  showed  an  aggluti- 
native value  of  from  1 :  300  to  1 :  600,  and  a  bactericidal  one  of  from 
0.1  to  0.08  milligram,  while  from  a  similar  inoculation  of  the  receptors 
extracted  from  12  oesen  of  the  same  strain,  sera  resulted  showing  aggluti- 
native values  of  from  1 :  600  to  1 : 1,000  and  bactericidal  values  of 
0.08  to  0.04  milligram.  From  a  single  intravenous  inoculation  of  i 
oese  of  a  living  agar  culture  of  this  same  cholera  strain,  sera  were 
obtained  with  an  agglunative  value  from  1 :  400  to  1 :  800  and  a 
bactericidal  one  of  from  about  0.1  to  0.06  milligram. 

It  is  important  to  observe  that  0.5  oese  of  the  living  organism  gave 
i-ise  to  sera  of  almost  the  same  value  as  did  the  receptors  which  could 
be  extracted  from  2  oesen  of  the  bacteria,  but  that  the  receptors  extracted 
from  12  oesen  of  the  organism  furnished  sera  of  far  greater  value.  The 
best  antitoxic  aenim  which  was  produced  following  a  single  intravenous 
inoculation  of  the  prophylactic  was  found  not  to  be  able  to  neutralize 
above  four  lethal  doses  of  the  cholera  endotoxin. 
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From  the  subcutaneous  inoculation  of  rabbits  with  5  cubic  centimeters 
of  this  prophylactic  containing  the  receptors  which  could  be  extracted 
from  40  oesen  of  the  same  strain,  sera  were  obtained  with  an  aggluti- 
native value  of  from  1 :  500  to  1 :  600  and  a  bactericidal  one  in  from  0.14 
to  0.1  of  a  milligram.  Animals  have  been  found  to  retain  these  immune 
bodies  in  their  sera  for  as  long  a  period  as  one  year. 

A  brown  powder  was  obtained  by  evaporating  the  prophylactic  to  dry- 
ness in  a  vacuum.  This  was  placed  in  sealed  tubes  and  when  desired 
for  use  redissolved  in  saline  solution.  The  intravenous  inociilation  of 
rabbits  with  from  3  to  10  milligrams  of  this  redissolved  powder  furnished 
sera  of  an  agglunative  value  of  from  1 :  50  to  1 :  100  and  a  bactericidal 
one  of  from  2.5  to  0.25  milligram.  These  sera  were  obviously  of  much 
lower  value  than  were  those  which  resulted  from  the  inoculation  of  the 
prophylactic  before  evaporation. 

In  man  after  the  subcutaneous  injection  of  2  cubic  centimeters  of  the 
prophylactic,  sera  showing  agglutinative  values  of  from  1 :  40  to  1 :  600 
and  bactericidal  ones  of  from  1  to  0.25  milligram  were  obtained. 

The  advantages  which  this  prophylactic  seems  to  possess  over  other 
forms  of  anti-cholera  inoculation  are : 

First,  there  is  practically  no  local  reaction  or  only  a  slight  one  after 
its  use,  the  irritating  oxidizing  substances  which  existed  in  the  bodies 
of  the  bacteria  and  which  have  nothing  to  do  with  the  immunizing 
substances,  having  been  removed. 

Second,  we  therefore  are  able  to  inject  an  amount  of  these  immunizing 
substances  which  is  from  fifteen  to  thirty  times  as  great  as  would  be 
practicable  if  either  the  living  or  killed  bacteria  were  inoculated.  Both 
Hafifkine  and  Murata  in  their  extensive  inoculations  in  human  beings 
injected  from  2  to  4  milligrams  of  culture.  In  our  human  inoculations 
the  immunizing  substances  extracted  from  about  60  to  TO  milligrams  of 
culture  are  inoculated,  hence  a  higher  immunity  is  obtained  by  this 
procedure. 

Third,  the  prophylactic  may  be  sealed  in  flasks  and  stored  ready  for 
use  and  it  preserves  its  immimizing  properties  for  at  least  a  year. 

The  great  disadvantage  which  the  method  possesses  is  that  each  step 
of  the  manufacture  of  the  prophylaetie  must  be  carried  on  with  great 
care.  It  is  obvious  that  the  product  which  we  nx'oniincud  and  employ 
is  far  more  difficult  to  prepare  than  is  either  a  simple  suspension  of  the 
killed  or  of  the  living  cholera  organism.  A  well-equipped  laboratory 
and  trained  assistants  are  necessary  for  its  manufacture.  However,  it 
is  equally  clear  that  a  higher  immunity  against  cholera  infection  can  be 
obtained  by  a  single  injection  of  this  propliylaetic  than  by  single  inocula- 
tions of  either  the  killed  or  living  organisms.  The  reasons  for  this  have 
already  been  emphasized. 

Therefore,  it  has  been  shown  that  it  is  easy  to  produce  in  man  a 
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high  bactericidal  serum  by  the  injection  of  the  prophylactic.just  described. 
However,  the  question  arises  whether  such  a  serum  in  man  really  repre- 
sents an  immunity  against  the  disease  Asiatic  cholera — ^tfaat  is,  does  it 
protect  the  individual  against  intestinal  infection?  This  question  ap- 
parently resolves  itself  chiefly  into  one  as  to  whether  the  organisms  which 
give  rise  to  the  symptoms  of  the  disease  actually  come  into  contact  with 
the  fluids  of  the  body. 

All  articles  upon  the  pathologic  histology  of  cholera  agree  that  the 
spirilla  are  found  in  the  superficial  layers  of  epithelial  cells  of  the 
mucosa,  and,  sometimes  in  large  numbers,  penetrate  well  into  the  sub- 
mucous lining.  Exfoliation  of  the  epithelium  is  almost  a  constant 
occurrence  in  severe  infections,  and  in  cases  of  longer  standing  the 
organisms  are  sometimes  encountered  in  large  numbers  at  the  bases 
of  erosions  or  ulcerations  which  have  resulted  in  the  large  intestine. 
In  addition,  the  mucosa  is  usually  distinctly  oedematous,  and  there  ob- 
viously is  no  doubt  but  that  the  bacteria  in  any  of  these  situations  would 
come  into  contact  with  whatever  inununizing  substances  might  exist 
in  the  blood  serum,  and  if  bactericidal  substances  were  present  in  suffi- 
cient strength,  the  bacteria  would  be  destroyed.  However,  we  know,  that 
very  large  numbers  of  the  cholera  spirilla  remain  in  the  lumen  of  the 
intestine  in  the  rice-water  discharges  and  do  not  invade  the  intestinal 
coats.  We  do  not  know  whether  these  organisms  which  so  remain  in 
the  bowel  give  rise  to  the  symptoms  of  the  disease,  since  satisfactory 
evidence  that  the  cholera  spirillum  produces  a  soluble  toxin  has  not  yet 
been  presented;  but  even  granting  for  the  moment  that  they  do,  then 
what  influence  if  any  would  bactericidal  substances  in  the  blood  serum 
exert  upon  them?  We  are  aware  that  one  of  the  most  common  and 
striking  findings  at  post-mortem  examinations  in  Asiatic  cholera  is  the 
so-called  ^^rice-water"  contents  of  the  small  intestine.  The  characteristics 
of  the  rice-water  stool  are  due  to  the  flakes  of  mucus  and  the  epithelial 
cells  which  appear  in  suspension  in  the  liquid  contents.  If  we  examine 
these  floccules  of  mucus  bacteriologically  we  find  that  the  spirilla  are 
usually  most  abundant  in  them,  sometimes  in  almost  pure  culture. 
However,  this  mucus  is  largely  a  secretion  of  the  epithelial  cells  of 
the  inteslino,  although  ^t  is  usually  also  mixed  with  a  certain  •  amount  of 
serum  and  such  a  secretion  will  probably  possess  the  same  bactericidal 
sul)stances  as  the  blood  serum  itself,  just  as  the  sweat,  the  tears,  and 
the  milk  of  immunized  individuals  contain  these  antibodies.  Indeed, 
it  seems  very  probable  that  the  intestinal  epithelial  cells  which  give 
rise  to  the  mucus  are  perhaps  particularly  able  to  produce  these  immimiz- 
ing  substances,  since  there  is  probably  a  special  affinity  or  combining 
power  betwwn  these  cells  and  the  cholera  organism,  which  is  demon- 
strated by  the  production  of  toxic  substances  in  far  greater  amount  ir 


REPORT  ON  CHOLERA  IN  MANILA.  421 

the  human  intestine  than  the  injection  of  these  bacteria  into  the  circula- 
tion, or  beneath  the  skin  either  of  man  or  animals  ever  gives  rise  to. 

Having  investigated  the  agglutinating  power  of  a  fresh  extract  obtained 
from  the  intestinal  epithelial  cells  of  two  rabbits  previously  inoculated 
intravenously  with  the  immunizing  substances  extracted  from  the  cholera 
organism  by  autolysis,  and  having  found  traces  of  agglutinins  present 
in  these  extracts,  it  occurred  to  me  that  it  would  be  advisable  to  under- 
take the  investigation  of  the  bactericidal  value  of  the  rice-water  stools 
obtained  from  cholera  cases  and  also  to  examine  whether  the  cells  of 
the  intestinal  mucosa  in  rabbits  immunized  with  our  choiera  prophylactic 
possessed  an  increased  affiniti^  for  cholera  receptors.  It  was  also  of 
interest  to  discover  if  extracts  of  these  cells  from  the  inoculated  rabbits 
possessed  bactericidal  properties.  This  study  was  undertaken  by  Br. 
Edwards  of  this  laboratory  who  reported  his  results  at  the  Third  Annual 
Meeting  of  the  Philippine  Islands  Medical  Association  in  1906.  Owing 
to  the  diflficulties  encountered  in  the  technique,  produced  by  decomposi- 
tion of  the  extracts  obtained  from  the  intestinal  cells,  admixture  with 
other  bacteria,  etc.,  he  was  not  able  to  arrive  at  any  satisfactory  conclu- 
sions in  regard  to  these  questions. 

It  has  been  supposed  that  when  cholera  organisms  are  injected 
intravenously  into  animals,  the  immunizing  substances  are  anchored  par- 
ticularly to  the  cells  of  the  spleen,  the  bone  marrow,  and  lymph  glands, 
since  it  was  in  these  organs,  according  to  the  investigations  of  Pfeiffer 
and  Marx,®  that  the  specific  protective  substances  seemed  particularly 
to  be  formed.  However,  Wassermann  and  Citron  ^^  demonstrated  that 
the  location  of  the  development  of  the  immunizing  substances  depends 
to  a  large  extent  upon  the  point  at  which  the  injections  of  the  corre- 
sponding bacterial  antigens  were  made.  Nevertheless,  the  combining 
power  of  intestinal  epithelial  cells  for  the  receptors  of  the  cholera 
spirillum  has  not  been  definitely  determined,"  although  as  has  been 
mentioned  it  seems  not  unlikely  that  in  the  human  intestinal  infection 
the  epithelial  cells  of  the  mucosa  may  possess  receptors  with  special 
combining  powers  for   the  corresponding  cholera  antigens  and   hence 

*Zt8chr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.  (1898),  27,  272. 

'•Ibid.  (1905),  53,  331. 

"Brieger  and  his  assistant  took  per  as  repeatedly  from  5  to  15  centimeters 
of  Brieger's  vaccine  (aqueous  extract  of  typhoid  bacilli)  but  no  development  of 
bacteriolysins  occurred  in  their  blood.*  This  experiment,  throws  no  light  upon 
the  subject  since  perhaps,  the  bacterial  antigens  were  changed  or  destroyed  by 
the  gastric  and  intestinal  juices  before  their  immunizing  power  was  exerted  upon 
the  intestinal  cells. 

•  Bischoff,  H. :  Das  Tj'phus-Immunisierungsverfahren  nach  Brieger.  Ztschr. 
f.  Hyg.  u.  Infeotionskrankh.,  I^ipz.   (1906),  54,  298. 
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give  rise  to  the  production  of  amboceptors  (immunizing  substances)  in 
excess,  which  may  pass  oflf  in  the  exudates  from  the  cells,  as  for  example 
in  tlie  intestinal  secretion  containing  mucus  and  serum.  However,  while 
it  is  interesting  to  review  this  evidence  that  the  organisms  in  the 
intestine  in  Asiatic  cholera  do,  indeed,  come  into  contact  with  the  serum 
and  tissues  of  the  host,  the  most  definite  proof  that  this  really  takes 
place  is  furnished  by  the  fact  that  after  an  attack  of  the  disease,  both 
bactericidal  and  agglutinative  substances  are  produced  and  may  be 
demonstrated  in  the  blood  serum  of  the  individual.  It  therefore  seems 
to  be  proved  that  if  cholera  organisms  should  find  their  way  into  the 
intestine  of  one  whose  blood  serum  possesses  a  high  bactericidal  power 
against  the  spirillum,  the  individual  in  question  would  be  in  a  much  more 
favorable  condition  for  overcoming  the  infection,  or  indeed  of  throwing 
it  off  entirely,  than  if  no  such  bactericidal  substances  were  present. 

Hailkine's  extensive  statistics  demonstrate  this  fact  conclusively  and 
show  the  value  of  protective  inoculation  against  this  disease,  the  number 
of  cases  of  cholera  among  the  inoculated  being  only  about  one-tenth 
that  observed  in  the  uninoculated.  T  have  no  such  extensive  statistics 
to  offer  in  regard  to  the  use  of  our  prophylactic,  since  we  have  pursued 
our  inoculations  during  the  past  year  only  in  those  districts  where 
it  was  thought  that  the  value  of  the  inocidations  might  be  clearly 
determined.  The  firs*  town  in  which  extensive  vaccinations  were  prac- 
ticed was  Angat  and  its  barrios  in  the  Province  of  Bulacan.  The 
village  is  situated  directly  upon  a  small  river  from  which  it  derives  its 
entire  drinking  water  supply.  Considerable  drainage  from  the  town  in 
wet  weather  passes  into  this  river.  Cholera  was  not  present  in  the 
town  at  the  time  the  inoculations  were  performed,  but  it  had  been  present 
there  a  short  time  before  and  it  was  thought  probable  that  it  might 
recur  in  that  locality  during  the  rainy  season.  About  one-sixth  of  the 
population  of  the  village — that  is,  all  who  volunteered,  1,078  in  number — 
was  injected  with  the  prophylactic.  A  few  months  later  cholera  appeared 
in  the  village  and  122  persons  were  stricken  with  the  disease,  121  of 
whom  were  among  the  noninoculated.  In  the  villages  of  Siniloan, 
Mabitac,  and  Malolos,  2,706  persons  were  inoculated,  but  since  the  inocu- 
lations were  performed  there  has  not  been  sufficient  cholera  in  these 
localities  to  draw  conclusions  of  any  particular  value  as  to  their  efficacy. 
However,  only  three  of  the  entire  number  of  persons  inoculated  have 
contracted  the  disease.  Tn  Bilibid  Prison  a  little  over  one-half  (1,838) 
of  all  the  inmates  was  inoculated.  During  the  twelve  months  following 
the  injections,  according  to  official  reports  of  the  Bureau  of  Health,  there 
have  been  twent}^-four  casein  of  cholera  in  the  prison,  only  four  of 
which  wore  among  the  inoculated. 
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REVIEW  OF  THE  RECENT  WORK  UPON  PROTECTIVE  INOCULATIONS  AGAINST 

CHOLERA. 

Having  briefly  outlined  the  work  carried  on  in  this  laboratory  in 
connection  with  prophylaxis  against  cholera,  I  wish  to  review  the  results 
which  several  other  observers  have  obtained  with  different  methods  of 
anti-cholera  inoculation,  since  the  publication  of  my  last  article  upon 
the  subject.*' 

Bertarelli "  in  April,  1905,  performed  a  few  experiments  in  cholera  immuniza- 
tion, using  for  the  injections  the  receptors  of  the  spirillum  separated  by  autolysis, 
but  the  strength  of  the  autolytic  product  employed  is  not  given.  He  inoculated 
himself  subcutaneously  with  3.6  cubic  centimeters  and  a  rabbit  with  5  cubic 
centimeters  of  such  a  prophylactic  and  was  able  for  more  than  six  months  after 
the  inoculation  to  demonstrate  agglutinative  and  bactericidal  substances  in  the 
blood  in  each  instance.  During  the  previous  year,  I  had  already  shown  that  in 
the  blood  these  antibodies  persisted  for  a  longer  period  of  time  than  six  months 
after  inoculation  with  the  immunizing  substances  extracted  by  autolysis  from 
the  organism.  Bertarelli's  experiments  do  not  appear  to  be  sufficiently  extensive 
to  throw  much  light  upon  the  value  of  the  method  of  immunization  with  the 
autolytic  extracts  of  the  cholera  organism,  although  he  apparently  considers  this 
method  of  inoculation  of  value. 

Heller,'*  (Schweizer  Serum  und  Impfinstitut,  Bern),  after  pointing  out  the 
advantages  of  protective  inoculation  against  cholera  with  cholera  nucleo-proteid 
prepared  by  Lustig's  method,  reports  the  results  of  an  experiment  in  a  rabbit 
in  which  the  animal  had  finally  received  0.25  gram  of  the  nucleo-proteid.  The 
serum  was  then  tested  and  showed  an  agglutinative  value  in  a  dilution  of  1 :  400. 
By  finally  inoculating  0.8  of  a  gram  of  the  nucleo-proteid  this  value  was  increased 
to  1 :  1,000.  A  rabbit  which  was  inoculated  with  the  entire  cholera  organism 
produced  an  agglutinative  serum  in  a  dilution  of  from  1:  1,000  to  1:  3,000.  The 
author  emphasizes  the  fact  that  the  injection  of  the  nucleo-proteid  causes  but  a 
moderate  reaction  and  gives  rise  to  a  high  immunity  which  lasts  for  months, 
and  that  the  prophylactic  does  not  readily  deteriorate. 

Friedberger  and  Moreschi,"  in  a  study  of  the  comparative  value  of  the  active 
immunization  of  rabbits  against  cholera  and  typhoid  infection  obtained  by 
different  methods,  performed  numerous  experiments  with  cultures  of  the  cholera 
organism  killed  by  diverse  means  and  with  others  dried  at  high  temperatures  or 
autolytically  digested.  Their  conclusions  in  this  article  throw  but  little  light 
upon  the  value  of  autolytic  digestion  as  a  practicable  means  of  obtaining  the 
immunizing  substances  from  the  spirillum  for  use  in  cholera  prophylaxis.  In 
their  conclusions  regarding  this  subject,  they  state  that  with  the  Pfeiffer-Kolle 
method,  or  with  one  recommended  by  Ix)effler  (in  which  the  bacteria  are  killed 
at  120'  C),  autolysis  carried  on  at  body  temperature  produces  no  distinct 
influence  upon  the  activity  of  the  antigens  in  immunization,  and  that  certainly 
these  substances  do  not  become  increased.     In  another  portion  of  their  article  they 

^Publications  of  the  Bureau  of  Oovernment  Laboratories,  Manila  (1904), 
16,  1,  and  J.  Infect.  Dis.  (1905),  2,  107. 

^Centrbl.  f.  Bakteriol.  Grip.  (1905),  38,  584. 
»•  Ibid,  39,  106. 
» Ibid,  463. 
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point  out  that  three  days'  autolysis  of  cholera  cultures  killed  at  60®  causes  no 
loss  of  their  ability  to  produce  bacteriolytic  substances  upon  injection. 

Obviously,  a  given  cholera  organism  is  endowed  \*ith  a  certain  number  of 
receptors.  It  is  difficult  to  conceive  how  these  receptors  could  be  increased  by 
autolytic  digestion  of  the  organism.  The  advantage  of  autolytic  digestion  in 
obtaining  the  immunizing  substances  from  the  cholera  spirillum  for  use  in 
prophylaxis  is  that  it  permits  these  substances  to  be  separated  from  other 
injurious  and  nonimmunizing  substances  in  the  protoplasm  of  the  cell,  and  hence 
l)ermits  of  the  inoculation  of  a  larger  dose  of  immune  bodies  than  does  the 
method  in  which  tlie  entire  bacterial  cell  is  injected. 

A  consideration  of  great  practical  importance — namely,  the  influence  of  the  size 
of  the  dose  upon  the  antibody  production — is  discussed  by  Friedberger  and 
Moreschi,  who  point  out  that  1/500  oese  injected  intravenously  gives  rise  to  the 
production  of  the  same  amount  of  antibodies  not  only  as  1/100  or  even  1/10  oese, 
but  to  tlie  same  amount  as  does  a  2,000  times  larger  injection,  namely  4  oese'h. 
These  results  of  Friedberger  and  Moreschi  have  not  been  confirmed  by  other  authors, 
and  the  immunity  obtained  in  cholera  must  still  be  considered  within  certain 
limits  to  be  proportional  to  the  dose  inoculated,  as  I  pointed  out  several  years 
ago.** 

Sclimitz,"  in  a  very  exhaustive  article  from  the  Institute  for  the  Investigation 
of  Infectious  Diseases  in  Bern,  calls  attention  to  the  immunizing  value  of  cholera 
prophylactic  prepared  according  to  the  method  of  Lustig,  and  shows  that  by  its 
use  animals  may  be  immunized  against  cholera  infection  and  that,  following 
inoculations  with  it,  both  agglutinative  and  bacteriolytic  substances  develop  in 
their  sera.  However,  these  antibodies  according  to  his  experiments  were  not 
produced  in  very  great  amounts,  an  agglutinative  value  of  only  1 :  400  being 
obtained  after  an  injection  of  0.25  milligram  of  the  vaccine  and  only  one  1 :  800 
after  the  size  of  the  dose  had  been  increased  to  0.8  milligram. 

B.  Klein"  performed  a  few  experiments  for  the  purpose  of  comparing  the 
value  of  immunization  with  killed  agar  and  bouillon  cultures  of  the  cholera 
organism  with  that  produced  by  the  autolytic  extracts  of  the  spirillum.  In  all, 
eleven  animals  were  immunized,  four  with  the  autolytic  extracts  and  five  with 
the  killed  cultures.  All  were  found  later  to  l)e  immune  to  cholera  infection.  In 
concluding  his  remarks  the  author  quotes  Wysokowicz,  who  states  that  it  is  still 
unproved  how  long  the  immunity  is  retained  after  inoculation  with  the  autolytic 
extracts  of  the  cholera  organism  and  that  the  method  of  preparation  of  the 
prophylactic  is  more  complicated  than  with  that  recommended  by  Kolle.  How- 
ever, in  very  susceptible  persons  the  autolytic  extracts  are  recommended  because 
of  the  fact  that  the  local  and  general  reaction  following  their  use  is  milder  than 
when  Kolle's  method  is  employed. 

Serkowski  ^"  during  the  epidemic  at  Lodz  inoculated  eighteen  persons,  eleven 
with  killed  agar  cultures  of  the  cholera  organism  and  seven  with  the  separated 
free  receptors.  Upon  the  later  examination  of  the  bactericidal  properties  of  the 
blood  serum  of  the  inoculated,  he  found  no  difference  in  value  between  those  vac- 
<inated  with  the  killed  cultures  and  those  with  the  extract*  of  the  organism. 
However,  he  points  out  that  the  preparation  of  the  vaccine  according  to  the 
former  method  is  much  simpler.     Tlie  size  of  the  dose  employed  in  either  method 

^^Publications  Bureau  of  Government  Laboratories,  Bioloffioal  Laboratory 
(1904),  21,  1.     J.  Exp.  Med.  (1905),  7,  229. 

^'Ztschr.  f.  Hyg.  u.  Infektionslraukh.  (1905),  52,  1.  Centrbl,  f,  Bakteriol. 
Orig.   (1900),  41,  118. 

"'Centrbl  f.  Bakteriol.  Orig.    (190«),  41,  118. 

'Ubid,  255. 
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is  not  given.  In  the  further  inoculation  of  a  number  of  human  beings  with  killed 
cultures,  in  some  of  whom  the  injection  was  repeated  a  second  and  third  time, 
it  was  demonstrated  that  there  was  a  distiqct  relationship  between  the  bacteri- 
cidal immunity  obtained  and  the  size  of  the  dose.  However,  there  appeared  to 
be  no  direct  relation  between  the  size  of  the  dose  and  the  agglutinative  value  of 
the  blood,  nor  between  the  agglutinative  value  and  the  bactericidal  power ;  neither 
did  the  number  of  vaccinations  seem  to  be  directly  related  to  the  formation  of  the 
agglutinins. 

Meinicke,  Jaff4  and  Flemming*  have  carefully  considered  the  binding  power 
of  the  cholera  vibrio  in  relation  to  the  production  of  immunity.  Their  experi- 
ments performed  upon  the  relation  between  binding  power  and  virulence  are  of 
great  practical  importance  in  regarft  to  the  subject  of  protective  inoculation  in 
man.  They  conclude  that  binding  power  and  virulence  are  independent  of  each 
other,  since  in  some  cases  the  nvirulent  cholera  organism  revealed  a  greater 
binding  power  and  in  others  a  lesser  than  certain  more  virulent  ones.  They 
believe  that  the  apparent  quantitative  differences  in  the  binding  power  between 
different  cholera  strains  can  be  explained  by  the  qualificative  differences  in  the 
structure  of  the  receptors  of  the  organism.  They  also  conclude,  although  their 
experiments  in  relation  to  this  point  are  few  in  number,  that  the  virulence  of 
a  cholera  culture  bears  no  relation  to  its  immunizing  power.  They  were  unable 
to  confirm  the  work  of  Friedberger  and  Moreschi  in  regard  to  obtaining  sera 
of  as  high  a  value  from  the  intravenous  inoculation  of '1/100  oese  of  a  cholera 
culture  as  from  a  much  larger  dose.  Even  with  the  intravenous  inoculation  of 
1/10  oese  they  were  able  to  produce  sera  of  moderate  value  only  in  about 
half  of  the  animals  inoculated.  Differences  in  the  value  of  the  sera  were  much 
greater  when  the  small  doses  were  used  than  when  larger  ones  were  employed. 
They  believe  that  Friedberger  and  Moreschi*s  results  can  be  explained  by  the 
fact  that  in  immunization  with  such  small  doses,  the  value  of  the  serum  obtained 
depends  largely  upon  individual  variations  in  the  animals  furnishing  the  serum. 

Fichera*s,"  experiments  in  relation  to  binding  power  and  virulence  are  mainly 
confirmatory  of  those  of  Meinicke,  Jaffe  and  Fleraming.  This  author  found  that 
strains  of  the  cholera  orjxanism  which  had  been  isolated  for  long  periods  of  time 
still  possessed  the  same  binding  power  for  cholera  amboceptors  as  freslily  isolated 
cholera  cultures.  Fichera  also  investigated  the  relation  between  the  immunity 
produced  and  the  size  of  the  dose.  He  found,  contrary  to  Friedberger  and 
Moreschi,  that  rabbits  inoculated  intravenously  with  1/100  of  a  24-hour  culture 
killed  at  60**  C.  furnished  sera  which  had  an  agglutinative  value  of  about  1/10 
or  even  less  of  that  furnished  by  animals  inoculated  with  1/20  of  the  culture. 
The  bactericidal  value  of  the  sera  obtained  from  the  inoculation  of  1/100  of  a 
culture  was  about  one-fifth  the  value  of  the  latter.  The  results  of  Friedberger 
and  Moreschi,  as  the  author  points  out,  may  be  explained  on  the  ground  of 
individual  variation  in  the  immunity  of  the  different  animals.  A  human  being 
was  inoculated  intravenously  with  1/100  oese  of  a  cholera  culture  killed  nt  60°. 
but  no  practical  increase  in  the  immune  bodies  of  the  serum  was  demonstrated, 
therefore  the  author  does  not  recommend  this  small  dose  for  active  immunization. 
Fichera  recalls  that,  with  those  methods  of  cholera  inimuniziition  in  which 
specific  sera  are  added  to  the  bacteria  before  inoculation,  the  ininiiinizing  value 
of  the  organism  is  lost  in  proportion  to  the  saturation  of  its  receptors  with 
amboceptors  before  the  injectirm.  Tn  case  tlie  vibrios  were  saturated,  so  to  speak, 
with  the  serum,  the  animals  were  only  immunized  slightly  or  not  at  all. 

^Ztschr.  f.  Hyg.  u.  Infektiofiskrankh..  Leipz.   (1906),  52,  416. 
*^Centrbl.  f.  BakterioL  Orig.  (1906),  41,  576,  671. 
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Karwacki "  inoculated  nine  persons  with  about  1  oeee  of  killed  cholera 
organisms  suspended  in  saline  solution.  After  five  days  a  second  dose  of  2  oesen 
was  injected,  following  which,  apparently  quite  marked  local  reaction  occurred. 
The  reactions  were  usually  milder  after  the  second  than  after  the  first  injection. 
After  the  first  vaccination  the  bactericidal  value  of  the  serum  was  0.02  in  eight 
of  the  cases  (50  units)  ;  after  the  second  the  sera  showed  values  of  from  2,000 
to  10,000  units.  The  agglutination  after  the  first  inoculation  in  no  case  reached 
over  1 :  50.  In  some  instances  there  was  no  reaction  in  dilutions  of  1:5,  while 
after  the  second  vaccination  the  agglutination  was  in  no  case  below  1 :  5  and  in 
one  it  had  reached  1 :  400. 

Blell "  ( from  the  Institute  for  the  Investigation  of  Infectious  Diseases  in 
Bern)  has  also  reported  in  detail  upon  the^alue  of  cholera  immunization  with 
cholera  nucleo-proteid.  The  agglutinative  and  bactericidal  value  of  the  blood 
sera  of  a  large  number  of  animals  was  studied.  Many  of  these  had  received 
repeated  and  increasing  doses  of  the  prophylactic.  In  two  cases  the  bactericidal 
value  of  the  rabbit's  blood  was  determined  after  single  injections  of  0.1  gram 
and  0.05  gram,  respectively,  of  the  nucleo-proteid  and  was  found  to  be  5^  milli- 
grams and  10  milligrams.  In  the  rabbits  which  had  received  a  number  of 
repeated  inoculations,  sera  to  a  maximum  value  of  0.8  of  a  milligram  were 
obtained. 

The  author  also  reports  experiments  from  the  results  of  which  he  believes  that 
cholera  immune  serum  produced  by  inoculation  of  the  nucleo-proteid  may  exert 
a  curative  eflfect  on  animals  which  are  inoculated  with  it  in  from  one  to  four 
hours  after  infection  with  living  cholera  spirilla. 

Finally,  we  have  the  report  of  HaflTkine  **  which  gives  a  summary  of  the  work 
performed  on  anti -cholera  inoculation  in  India.  Haffkine  refers  to  the  recent 
work  of  PfeiflTer  and  Friedberger  and  of  myself,  which  seemed  to  demonstrate  that 
the  vaccinating  power  of  a  cholera  culture  varies  in  direct  relation  with  the 
degree  of  its  virulence,  a  principle  he  remarks  which  served  Pasteur  for  twenty 
years  as  a  basis  for  his  "traitenient  intensif"  in  rabies.  Haffkine  points  out  that 
for  this  reason  in  the  beginning  of  his  work  on  protective  inoculation  against 
cholera  he  sought  to  obtain  a  "virus  fixe"  with  the  cholera  vibrio. 

In  his  very  extensive  inoculations  in  man  he  has  observed  that  the  intensity 
and  duration  of  the  symptoms  provoked  by  the  subcutaneous  inoculation  of  the 
living  vibrios  are  directly  proportional  to  the  virulence  of  the  culture  and  the 
quantity  injected.  He  again  describes  the  methods  by  means  of  which  the  fixed 
and  the  attenuated  virus  used  in  making  the  inoculations  are  prepared.  He  has 
found  that  if  the  cultures  of  the  organism  are  killed  by  heat  or  by  antiseptics 
such  as  carbolic  or  inorganic  acids,  or  by  other  means,  they  retain  the  power  of 
producing  an  immunity  upon  inoculation,  but  this  is  considerably  reduced.  The 
reaction  produced  after  injection  of  the  killed  cultures  was  of  the  same  nature 
as  that  brought  about  by  the  living  ones,  only  it  was  less  intense.  Up  to  the  year 
1895  HaflTkine  always  employed  two  vaccines,  the  first  consisting  of  a  culture 
attenuated  by  growing  it  in  contact  with  the  oxygen  of  the  air,  and  the  second, 
a  virus  of  fixed  virulence  obtained  by  passage  through  guinea  pigs.  Since  1896, 
owing  to  the  fact  that  it  was  found  impracticable  sometimes  to  give  the  second 
inoculation,  experiments  were  made  by  Haffkine  and  Powell  to  see  if  the  first 
vaccination  with  the  attenuated  culture  could  not  be  omitted.  As  much  as  X 
of  a  gelatin  culture  of  the  fixed  virus  alone  was  injected  in  a  large  number  of 

^Ztschr.  f.  Hyg.  u.  Infektionakrankh.,  Leipz.   (1906),  54,  39. 
^Ztaohr.  f.  Hyg.  u.  Infektionskrankh.,  Leipz.   (1906),  5b,  187. 
**BulL  Inst.  Pasteur  (1906),  4,  694  and  737. 
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cases  without  any  serious  illness  resulting.  Between  April,  1896  and  1890, 
somewhat  more  than  6,500  cases  were  vaccinated  in  this  manner.  Powell,  in  a 
report  of  these  cases  in  1899,  showed  that  among  6,549  nonvaccinated  individuals 
there  were  198  cases  and  124  deaths  from  cholera,  while  among  5,778  of  the 
vaccinated  there  were  only  27  cases  and  14  deaths. 

Haffkine  points  out  that  while  the  vaccinated  individual  is  obviously  less  apt 
to  contract  cholera  than  the  nonvaccinated,  if  the  former  should  actually  be 
striken  with  the  disease  he  is  as  likely  to  succumb  to  it  as  the  latter  (since  no 
marked  antitoxic  immunity  has  been  produced  by  tlie  vaccination).  The  im- 
munity following  the  vaccination  may  persist  for  fourteen  months,  after  wliich 
time  it  diminishes  and  probably  disappears.  During  the  period  of  active  im- 
munity the  number  of  cases  of  cholera  among  the  vaccinated  is  but  one-tenth  of 
that  observed  in  the  uninoculated. 

The  statistics  which  Haffkine  quotes  in  his  paper  conclusively  prove  the  value 
of  protective  inoculation  against  this  disease. 

We  see  from  this  review  of  the  recent  work  on  protective  inoculation 
against  cholera  that  three  observers,  all  from  Bern,  liave  reported  upon 
the  value  of  cholera  nucleo-proteid  as  a  means  of  immimization  against 
the  disease  and  have  performed  numerous  experiments  showing  that  anti- 
bodies enter  into  the  blood  sera  of  animals  inoculated  with  this  form  of 
prophylactic.  FrOm  single  inoculations  in  rabbits,  sera  having  as  high 
an  agglutinative  value  as  1 :  500  and  a  bactericidal  one  of  5  milligrams 
were  obtained,  but  none  were  higher.  However,  these  values  are  some- 
what low  when  compared  with  those  I  have  encountered  in  rabbits  after 
a  single  inoculation  of  the  prophylactic  I  have  described. 

Turning  now  to  the  experiments  which  have  been  performed  by  other 
observers,  it  may  be  seen  that  no  very  extensive  studies  other  than  my 
own  have  been  made  with  the  immunizing  substances  of  the  cholera 
spirillum  obtained  and  separated  by  autolysis,  either  in  man  or  animals. 
All  of  those  who  have  reported  upon  the  use  of  the  method  have  ap- 
parently lost  sight  of  what  seems  to  me  to  be  its  most  important 
advantage,  namely,  that  when  the  immunizing  substances  ure  extracted 
from  the  cholera  organism  they  may  be  injected  in  much  larger  amounts 
at  one  time  than  if  the  whole  organism  is  used.  I  have  inoculated 
myself  with  three  oesen  (G  milligrams)  of  a  living,  virulent,  cholera 
organism  at  a  single  dose,  and  the  local  and  general  reaction  experienced 
was  such  as  to  make  me  conclude  tliat  a  larger  amount  than  this  would 
not  be  practicable  nor  desirable  as  a  method  for  general  inoculation.  On 
the  other  hand,  as  I  have  pointed  out,  our  routine  method  of  human 
inoculation  consists  of  the  injection  of  the  immunizing  substances  in 
colloidal  suspension  or  in  solution,  extracted  from  60  to  70  milligrams 
of  the  bacteria.  Obviously,  we  are  not  able  to  separate  and  obtain  all 
the  receptors  of  the  organism  by  the  method  I  have  employed.  This  was 
demostrated  by  my  earlier  experiments,  when  it  was  shown  that  i  oeso 
of  the  living  organisms  furnished  as  good  immune  sera  as  the  receptors 
extracted  from  2  oesen  of  the  same  culture.     However,  the  receptors 
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extracted  from  12  oeseii  gave  rise  to  far  better  sera.  A  much  larger 
dose  than  -J  oese  of  the  living  organisms  could  not  have  been  resisted  by 
the  animals,  as  they  would  have  succumbed  to  an  infection  with  the 
spirillum. 

LOCAL  REACTIOK   FOLLOWING   INOCULATION. 

Several  of  the  observers  who  have  used  in  man  the  method  of  injecting 
extracts  obtained  by  autolysis  remark  upon  the  fact  that  the  local  re- 
action is  less  marked  than  in  the  case  of  the  inoculation  of  either  the 
killed  or  living  spirilla.  There  can  be  no  doubt  of  this  fact  and  we 
have  had  opportunity  to  compare  the  reaction  produced  by  each  of  these 
methods  in  man  as  well  as  in  animals.  In  animals  the  differences 
are  very  striking  and  may  easily  be  observed.  If  a  guinea  pig  is  in- 
oculated in  the  abdominal  cavity  and  tissues  overlying  the  abdominal 
wall  with  i  oese  of  a  virulent  cholera  organism  of  which  the  lethal 
dose  is  about  1/10  of  an  oese,  or  with  5  or  6  oesen  of  the  same  killed 
organism,  at  autopsy  in  the  neighborhood  of  the  track  of  the  syringe 
needle  there  is  found  a  hsemorrhagic  and  infiltrated  area  which  is 
usually  sharply  circumscribed  and  of  a  bright  or  dark  red  color.  If,  on 
the  other  hand,  a  guinea  pig  is  inoculated  with  a  large  dose — for  example, 
5  cubic  centimeters — of  the  extracted  prophylactic  I  have  described,  the 
animal  may  succumb  to  the  injection  from  intoxication,  but  at  autopsy 
no  hflemorrhagic  area  will  be  observed  about  the  point  of  inoculation. 
The  walls  of  the  abdomen  are  swollen  and  oedematous,  but  there  are  no 
evidences  of  an  acute,  inflammatory  process  such  as  occurs  when  the 
living  or  killed  organism  itself  is  inoculated.  On  the  other  hand,  if 
inoculations  in  amounts  just  below  the  lethal  dose  are  made  with  each 
form  of  prophylactic,  no  difference  in  the  quality  of  the  immunity  can 
be  detected  in  the  two  animals,  variation  only  being  found  in  relation 
to  the  quantity  of  the  amboceptors ;  the  animals  inoculated  with  a  lai^ 
amount  of  the  prophylactic  yielding  a  better  serum  than  those  which  had 
been  given  the  liviucr  organisms. 

Therefore,  it  seems  unquestionable  that  there  are  other  irritating  sub- 
stances in  the  cell  of  the  cholera  organism  which  have  nothing  to  do 
with  the  production  of  the  immunity,  and  it  is  these  substances  whidi 
may  be  separated  to  a  large  extent  from  the  immunizing  antigens  by 
autolysis. 

The  action  of  these  irritating  substances  in  the  cholera  cell  seems  to 
be  particularly  active  when  a  large  amount  of  the  organisin  in  con- 
centrated suspension  is  introduc^od  into  the  tissues ;  thus,  in  deaths  from 
Asiatic  cholera  we  do  not  see  markedly  hemorrhagic  areas  in  the 
intestinal  wall  where  the  organisms  are  sprejid  out  over  the  surface  of 
the  mucosa,  but  if  several  oosen  of  the  living  organisms  are  introduced 
into  the  subcutaneous  tissues  in  man,  the  hjemorrhagic  condition  may 
bo  proflucerl.  as  T  have  f1  cm  oust  rated  by  an  experiment  performed  upon 
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myself.  Inoculation  of  the  human  being  with  the  extracted  prophy- 
lactic which  I  have  described  does  not  produce  this  haemorrhagic  change 
in  the  tissues.  Haffkine  in  relation  to  this  question  and  of  the  inocula- 
tion of  this  fixed  virus  says: 

En  inoculation  scuAcutan^  au  cobaye,  le  virus  ne  tuait  pas,  mais  produsait 
une  mortification  des  ti»>HUs  et  une  eschare  de  grand  extension. 

If  this  local  reaction  is  entirely  due  to  the  immunizing  substances  of 
the  cholera  organism,  why  are  not  similar  lesions  encountered  elsewhere 
in  the  animal  body?  Cholera  is  an  intoxication  and  it  seems  almost 
unreasonable  to  suppose  that  all  of  the  toxin  is  bound  locally,  either 
in  the  intestine  in  natural  infection  or  in  the  subcutaneous  tissues  after 
artificial  subcutaneous  injection;  the  immunizing  substances  are  soluble 
and  must  pass  to  the  other  organs  of  the  body.  It  rather  appears  that 
with  the  cholera  spirillum,  as  with  the'  diphtheria  bacillus,  we  have  to 
do  also  with  substances  within  the  bacterial  cell  which  give  rise  to  a 
local  inflammatory  reaction,  but  which  have  nothing  to  do  with  the  true 
immunity  in  the  disease.  However,  in  cholera,  of  course  the  toxin  is  of 
an  entirely  different  nature  from  that  encountered  in  diphtheria  and 
probably  only  becomes  liberated  at  the  time  of  the  disintegration  of  the 
spirilla. 

Before  ending  this  discussion  upon  the  subject  of  the  local  reaction 
produced  by  the  extracted  prophylactic,  1  wish  to  call  attention  to  the 
fact  that  Hetsch  and  Kutscher,^^  who  employed  the  method  of  inocula- 
tion of  the  free  receptors  in  the  typhoid  bacilli  prepared  according  to 
the  method  of  Neisser  and  Shiga,  reported  that  very  marked  inflam- 
matory local  reactions  followed  the  injection  of  0.5  cubic  centimeter  of 
the  prophylactic  in  the  inoculation  of  some  of  the  German  troops.  Red- 
ness and  swelling  of  the  tissues  occurred  three  hours  after  the  injection. 
The  inflammatory  area  about  the  point  of  inoculation  became  of  a  scarlet- 
red  color,  sharply  circumscribed,  resembling  the  inflammation  frequently 
seen  in  erysipelas.  These  manifestations  subsided  after  forty-eight 
hours,  but  the  injections  were  not  repeated  because  of  the  marked  local 
reaction  which  occurred  from  the  first  inoculation. 

I  wish  to  emphasize  that  these  results  obtained  with  extracts  of  the 
typhoid  bacilli  are  entirely  contrary  to  those  which  we  have  encountered 
with  the  free  receptors  of  the  cholera  organisms.  In  very  numerous 
inoculations  performed  in  Americans  and  natives  of  these  Islands  we 
have  had  abundant  opportunity  to  observe  the  local  reactions  following 
the  inoculation  of  the  prophylactic  I  have  described ;  none  of  these  have 
been  severe  and  the  great  majority  have  been  very  mild.  Our  injections 
have  been  made  intramuscularly  because  of  the  quick  absorption  which 
occurs  from  the  muscular  tissues.  Since  the  immunizing  substances 
in  the  extracted  prophylactic  are  either  in  solution  or  colloidal  suspension, 

^ Klin.  Jahrhiwh.   (1905),  14,  148,  156. 
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they  apparently  are  in  a  condition  in  which  they  are  capable  of  being 
much  more  easily  absorbed  than  when  they  are  injected  bound  to  the 
bacterial  cells.  However  this  may  be,  with  the  cholera  organism  the 
local  reactions  are  unquestionably  less  severe  after  inoculation  with 
our  prophylactic  than  from  the  injection  of  the  living  spirillum.  I  have 
received  inoculations  by  both  methods,  and  the  suffering  caused  })y  the 
living  organisms  is  much  more  marked. 

SIZE  OF  THE  DOSE  AND  STANDARDIZATION  OF  THE   PROPHYLACTIC. 

Most  observers,  in  discussing  the  size  of  the  dose  in  inoculations  against 
cholera,  agree  that  the  immunity  obtained  is  in  proportion  to  the  amount 
of  the  immunizing  substances  injected.  This  was  shown  very  conclu- 
sively by  my  early  experiments  which  have  been  referred  to  in  this  article. 
However,  Friedberger  and  Moreschi  combat  this  view  and,  as  has  been 
mentioned,  believe  that  as  high  an  immunity  can  be  obtained  from 
the  intravenous  injection  of  very  small  amoimts  of  the  cholera  spirillum 
as  from  the  subcutaneous  injection  of  much  larger  ones.  1  have  not 
had  any  experience  with  the  intravenous  inoculation  of  the  cholera 
organism  in  such  small  quantities  as  Friedberger  and  Moreschi  have 
employed.  The  experiments  of  Fischera  and  of  Meinicke,  Jaffe  and 
Flemming  do  not  confirm  Friedberger  and  Morescbi^s  results,  as  has  been 
mentioned  in  the  discussion  of  the  literature;  moreover,  they  believe 
that  with  such  small  quantities  of  the  organism  the  very  favorable 
results  obtained  may  have  depended  more  upon  the  individual  variation 
of  the  animal  in  regard  to  susceptibility  and  immunity  than  upon  the 
amount  injected.  In  relation  to  the  size  of  the  dose  inoculated  it 
may  be  recalled  that  Wright,^®  in  his  inoculations  against  typhoid  fever 
in  the  English  army,  attempted  to  inject  each  individual  with  almost 
exactly  the  same  number  of  killed  typhoid  bacilli.  In  order  to  ac- 
complish this  purpose  he  employed  a  twenty-four,  hour  broth  culture  of 
a  known  and  proved  strain  of  BacUli^  typhosus  and  enumerated  the 
number  of  bacteria  in  this  culture  by  the  ingenious  blood  counting 
method  which  he  devised. 

Leishman  and  Harrison,*^  in  further  pursuing  the  question  of  typhoid 
inoculation  among  the  English  troops,  also  attempted  to  standardize 
their  vaccine  by  the  procedure  advanced  by  Wright.  However,  they 
found  that  in  spite  of  all  precautions,  errors  in  the  broth  cultures  of 
from  50  to  lOO  per  cent  in  counts  of  the  same  films  were  by  no  means 
uncommon.  Leishman  and  Harrison  also  spent  some  time  in  their 
eiforts  accurately  to  st-andardize  their  typhoid  prophylactic  (consisting 
of  the  killed  typhoid  organisms,)  by  estimating  in  addition  with  the 
cossistance  of  Martin,   the  weight  of  the  dried  bacterial   bodies   in   a 

^Brit.  Med.  Journ.  (1900),  1,  122,  and  Lancet  (1902),  2,  11. 
"J.  of  Hyg.  (1906),  5,  380. 
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measured  quantity  of  vaccine  and  a  correlation  obtained  from  this  weight 
and  the  number  of  bacteria  as  estimated  by  the  living  and  dead  count- 
ing methods.  Even  by  all  these  methods  it  was  impossible  finally  to 
arrive  at  an  accurate  standardization  such  as  they  apparently  desired. 

In  my  opinion  these  experiments  performed  in  the  standardization 
of  either  typhoid  or  cholera  prophylactic  are  superfluous  and  unnecessary. 
The  most  practicable  and  accurate  method  I  have  been  able  to  devise 
for  the  standardization  of  a  prophylactic  of  this  nature  is  the  determi- 
nation of  the  degree  of  immunization  within  certain  limits  which  will 
usually  be  produced  by  approximately  equal  quantities  of  it  in  an 
animal.  Evidently,  exactly  the  same  amount  of  immunity  in  a  series 
of  inoculated  animals  is  practically  never  produced  even  though  the 
dose  injected  is  exactly  the  same,  owing  to  the  natural  individual 
variations  in  the  immunity  of  the  animals. 

Having  determined  upon  an  arbitrary  unit  of  immunization  and  upon 
the  minimum  number  of  units  of  immunity  a  given  volume  of  the 
vaccine  must  usually  produce  in  animals,  so  that  the  inoculation  of  the 
same  amount  wiU  give  rise  to  the  production  of  a  satisfactory  quantity 
of  immune  bodies  in  a  few  human  beings,  it  is  only  necessary  always 
to  employ  for  man  the  amount  of  vaccine  which  will  give  rise  in  the 
animal  to  at  least  the  minimum  determined  number  of  units  of  im- 
munity. Since  individual  variations  in  immunity  in  human  beings  are 
80  marked,  it  probably  does  not  make  any  practical  difference  whether 
one  individual  is  inoculated  subcutaneously  with  a  few  hundred  or 
perhaps  even  a  thousand  more  killed  organisms  than  is  another  one. 
Thus,  while  for  adults  the  regular  dose  of  the  extracted  prophylactic  we 
employ  is  2  cubic  centimeters  (which  must  give  rise  to  at  least  10,000 
units  of  immunity  in  a  rabbit),  nevertheless,  the  results  obtained  in 
human  beings  inoculated  with  the  same  lot  of  prophylactic  and  with 
the  same  dose  were  surprisingly  variable.  Moreover,  they  conclusively 
demonstrated  that  nothing  of  practical  importance  was  to  be  gained  in 
attempting  to  inoculate  t^ch  individual  of  a  large  number  of  people  in 
a  community  with  exactly  the  same  quantity  of  rec^^ptors.  I  have  ob- 
served two  individuals,  each  inoculated  with  the  same  dose  of  the  same 
fluid  prophylactic,  one  of  whom  developed  forty  times  as  great  a  quantity 
of  antibodies  as  the  other.  Such  variations  in  the  immunity  produced  in 
human  beings  after  inoculation  an*  not  uncommon.'-^     'J'he  same  condi- 

"  Agglutinins  do  not  invariably  develop  in  the  blood  sera  of  human  beings 
inoculated  either  with  our  prophylactic  or  witli  the  living  cholera  organism. 
Two  physicians  were  each  inoculated  with  2  cubic  centimeters  of  the  same  lot 
of  our  prophylactic.  After  ten  days  the  blood  serum  of  one  showed  an  agglu- 
tinative reaction  in  a  dilution  of  1 :  700,  while  that  of  the  other  gave  practically 
no  agglutinative  reaction.  At  about  the  same  time  1  was  inoculated  with  3 
oesen  of  the  living  cholera  organism,  and  although  a  very  marked  local  and 
general  reaction  was  obtained,  my  blood  serum  ten  days  later  showed  practically 
no  agglutinative  reaction  against  the  cholera  spirillum. 
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tions  are  sometimes  encountered  in  the  immunization  of  monkeys^  but 
they  are  less  variable  in  the  other  lower  animals. 

Lamb  and  Forster^*  have  proposed  to  adopt  Wright's  method  of 
standardizing  typhoid  vaccine  by  determining  the  amount  of  the  vaccine 
which  will  completely  neutralize  or  remove  the  amboceptor  content  of 
a  fixed  quantity  of  normal  goat^s  serum.  However,  since  the  binding 
power  in  vitro  of  the  receptors  in  the  vaccine,  for  the  amboceptors 
of  the  serum  may  perhaps  not  exactly  represent  the  immunizing  power 
ot  the  vaccine  in  the  animal  body,  we  have  preferred  to  employ  the 
method  I  have  described.  This  method  of  standardization  of  the  pro- 
phylactic by  the  units  of  immunity  it  gives  rise  to  is  obviously  not 
an  accurate  one,  but  it  is  sufficiently  accurate  for  all  practical  pur- 
poses. In  standardizing  our  smallpox  vaccine  we  regard  the  reaction 
obtained  in  a  monkey  following  inoculation  with  it  as  the  most  import- 
ant test  of  its  efficacy;  the  exact  degree  of  the  reaction  (which  varies 
with  the  natural  variation  in  the  immunity  of  the  animals)  is  not  so 
important  so  long  as  a  distinct  reaction  is  obtained.  In  standardizing 
our  cholera  prophylactic  we  also  seek  to  obtain  a  certain  reaction  in  the 
serum  of  the  rabbit,  following  its  inoculation.  The  exact  degree  of  the 
reaction  obtained,  provided  a  certain  limit  has  been  reached,  is  obviousk 
of  less  importance,  for  the  reason  already  given. 

IMMUNIZING  POWER  AND  VIRULENCE  OF  THE  ORGANISM. 

Another  point  about  wliich  some  further  discussion  seems  necessary 
is  that  of  the  inununizing  power  of  the  cholera  organism  to  be  chosen 
for  the  preparation  of  the  prophylactic. 

Pfeiffer,  Friedberger  ^^  and  I  ^^  found  that,  with  cholera  spirilla,  a 
greater  immunity  was  obtained  with  the  more  virulent  organism. 
Pfeiffer  and  Friedberger  employed  four  strains  in  their  investigations. 
My  experiments  were  carried  on  with  two  strains  of  cholera  spirilla  of 
widely  different  virulence  and  I  was  able  conclusively  to  show  that  the 
virulent  organism,  upon  ino(»ulation,  produced  a  higher  immunity  and 
at  the  same  time  bound  a  greater  number  of  amboceptors  in  a  cholera 
immune  serum  than  did  the  avirulent  one.  At  the  time  of  the  publica- 
tion of  these  experiments  T  stated  that  "these  conclusions  apply  to  the  two 
strains  of  cholera  spirilla  employed  in  the  foregoing  experiments. 
Whether  they  will  also  hold  good  with  otKfer  'Strains  of  this  spirillum  or 
for  micro-organisms  in  general  must  be  decided  by  further  experimental 
work.''  The  exj)eriments  of  Meinicke,  Jaff6  and  Flemming  seem  con- 
clusively to  show  that  with  different  strains  of  the  cholera  spirillum 

^Sclent.  Mem.  ^f€d.  ajid  San.  Off.,  India,  Calcutta   (1906),  21,  7. 
"^Berl.  Klin  Wchnsch.  (1902),  39,  581. 

^*  Publications  of  the  Rureau  of  Government  Laboratories,  Biological  Labora- 
tory, Manila  (1904),  21,  1,  and  J.  Ex^p.  Med.  (1905),  7,  229. 
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in  vitro,  the  binding  power  of  the  organism  for  amboceptors  in  a  cholera 
immune  serum  is  independent  of  the  virulence  of  the  organism.  In 
some  instances  they  found  that  a  virulent  cholera  culture  was  able  to 
bind  more  amboceptors  than  an  avirulent  one,  but  in  many  instances 
the  reverse  was  the  case. 

Their  experiments  referring  to  the  relation  between  virulence  and 
immunizing  power  are  not  numerous.  This  seems  to  me  to  be  un- 
fortunate, for  by  means  of  their  method  of  examination  and  the  large 
number  of  cultures  which  they  studied,  they  were  in  a  position  to  solve 
this  problem  conclusively.  Tn  fact,  in  the  small  number  of  experiments 
they  record,  only  one  instance  is  given  in  their  table  of  results  in  which 
they  found  that  1/10  oese  of  a  killed  avirulent  organism,  when  injected 
intravenously  into  a  single  rabbit,  furnished  a  serum  with  a  bactericidal 
value  of  1 : 1,000,  while  1/10  oese  of  a  killed,  highly  virulent  strain  in 
another  animal  produced  a  bactericidal  value  of  only  1 :  200.  However, 
while  the  results  of  those  experiments  suggest  that  immunizing  power 
is  independent  of  vinilence,  nevertheless,  in  the  inoculation  with  such 
small  amounts  of  the  organism,  the  individual  variation  in  the  immunity 
of  an  animal  plays  such  an  important  role  that  it  would  not  be  prudent 
to  draw  any  general  conclusions  from  this  single  result.  For  example 
in  this  same  series  of  experiments  three  other  rabbits  were  inoculated 
with  1/10  oese  of  the  cholera  strain  (number  74)  ;  one  of  these  gave  a 
serum  of  a  bactericidal  value  of  1 :  2,000,  one  of  1 : 1,000,  and  one  of 
1 :  400.  Therefore,  it  would  seem  that  further  experiments  are  neces- 
sary before  we  can  reach  a  final  conclusion  on  this  subject.  This  ques- 
tion in  particular  is  not  settled  in  regard  to  the  inoculation  of  the  living 
organisms  of  different  virulence,  and  of  the  relative  immunity  produced. 
I  ^^  recently  performed  some  experiments  with  living  plague  bacilli 
of  different  virulence  and  found  that  the  more  virulent  organism  fur- 
nished the  greater  immunity.  However,  as  I  worked  with  but  three 
strains  of  this  bacillus  my  experiments  also  can  not  be  considered  as  en- 
tirely conclusive  for  otlicr  strains  of  the  plague  organism.  It  seems 
possible  that  the  coefficient  of  growth  of  the  spirillum  may  play  some 
part  in  the  degree  of  cholera  immunity  produced;  that  is,  the  virulent 
organism  may  multiply  more  rapidly  after  inoculation  than  the  less 
virulent  one,  as  Gotsclich  and  Wiegand  found  in  cultures;  this  need 
n>ot  necessarily  imply  that  a  greater  volume  of  growth  is  obtained  with 
the  virulent  organism,  in  fact  the  individual  spirilla  may  be  smaller 
in  size  than  in  the  case  of  the  avirulent  culture.  The  larger  forms  of 
the  spirillum,  it  has  been  observed,  are  much  more  common  in  cultures 
of  the  avirulent  strains  than  they  are  in  those  of  virulent  ones.  It  must 
he  recalled  that  Haffkine  in  connection  with  the  question  of  virulence 

''This  Journal,  Sec.  B.,  Med.  8ci.  (1907),  2,  1H7. 
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and  immunizing  power  emphasizes  the  fact  that  the  more  virulent 
cholera  organism  produces  the  greater  immunity,  and  MacFadyan" 
states  that  cholera  cultures  of  high  virulence  yield  the  most  toxic  and 
cultures  of  low  virulence  the  least  toxic  juices,  while  in  those  instances 
in  which  the  virulence  had  been  allowed  to  diminish  to  such  an  extent 
that  2  platinum  loops  of  a  culture  did  not  kill  a  guinea  pig,  the  toxicity- 
of  the  juices  suffered  a  corresponding  drop,  0.5  and  even  1  cubic  cen- 
timeter failing  to  kill,  whereas  the  animal  succumbed  to  acute  infection 
from  0.1  cubic  centimeter  from  a  virulent  culture.  This  led  Mac- 
Fadyan  to  conclude  that  virulence  and  toxicity  were  intimately  related 
as  r^ards  the  cholera  endotoxin,  inasmuch  as  increased  virulence  implied 
increased  toxicity  and  vice  versa. 

Therefore,  in  preparing  our  cholera  prophylactic  we  select  an  organ- 
ism which  is  known  to  possess  high  immunizing  value  and  in  addition 
one  of  maximum  virulence. 

THE   SEliUM   TllEATMENT   OF   CHOLERA. 

Recently  the  question  of  the  serum  treatment  of  cholera  has  again 
attracted  attention  owing  to  the  studies  of  Roux,  Brau,  and  Denier, 
Kraus  and  MacFadyan,  and  before  entering  into  a  discussion  of  the 
subject  I  will  briefly  review  their  results. 

Brau  and  Denier  '*  found  that  they  were  able  to  obtain  a  very  active  toxin 
from  the  cholera  vibrio  by  growing  this  organism  in  a  special  culture  medium 
consisting  of  bouillon  Martin  g^latin6j  45  cubic  centimeters,  normal  serum  of 
the  horse  46  cubic  centimeters,  defibrinated  blood  10  cubic  centimeters,  heated  to 
60°  C.  for  three  hours.  By  growth  of  the  organism  upon  this  medium  they  were 
able  to  obtain  the  toxin  regularly  and  in  increased  amount.  After  four  days* 
development  the  cultures  had  become  liquified;  hemolysis  occurred  after  twenty- 
four  hours;  after  seven  days  they  were  filtered  through  paper  and  then  through 
a  Chamberlain  F.  candle.  Certain  precautions  are  necessary  in  order  to  obtain 
the  toxin  in  satisfactory  amounts.  They  advise  that  the  serum  be  heated  at 
00°  C.  for  three  hour.**  in  order  to  destroy  the  substances  antagonistic  to  the 
development  of  the  cholera  vibrio.  The  thermostat  must  be  kept  at  a  constant 
temperature,  variations  even  of  1°  interfering  with  the  production  of  the  toxin; 
the  optimum  temperature  was  found  to  l)e  between  38°  and  39°  C.  It  is  also 
necessary  for  the  cultures  to  l)e  well  aSnited  and  shaken  each  day.  Finally,  the 
strain  of  cholera  spirillum  employed  must  not  have  been  passed  through  animals, 
since  such  a  passage  diminished  the  toxic  power  of  the  organism  with  greAi 
rapidity. 

Following  this  method  they  were  able  to  obtain  a  cholera  toxin  with  26  cul- 
tures of  vibrios  isolated  in  Saigon,  with  two  strains  obtained  from  the  Pasteur 
Institute,  one  of  which  was  isolated  in  Bombay  and  the  other  in  Nasik,  and 
with  three  strains  from  Eg\'pt.  They  concluded  that  a  soluble  toxin  may  be 
obtained  from  vibrios  isolaitMl  from  cholera  stools  and  that  the  production  of  the 
toxin  may   be   increased   by  cultivating  the  organisms   in  their   special   culture 

"*  Lancet   (1900),  171,  495. 

''*Compt.  rend.  Arad.  d.  Sr.,  Par.   (lOOo),  141,  397. 
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media.  In  the  following  year"  the  same  authors  called  attention  to  the  fact 
that  this  cholera  toxin  Manifested  its  effect  quickly  and  without  a  period  of 
incubation  when  injected  into  an  animal.  Guinea  pigs  and  rabbits  could  be 
immunized  against  the  toxin  so  that  they  were  able  to  resist  two  fatal  doses 
injected  at  one  time,  and  horses  which  had  been  inoculated  intravenously  at 
intervals  of  6  months  with  h  liter  of  the  toxin,  furnished  a  serum  of  which  0.02 
cubic  centimeter  neutralized  two  fatal  doses  of  the  cholera  toxin  after  a  contact 
of  thirty  minutes  in  vitro.  The  serum  also  exerted  antimicrobic,  agglutinating 
and  precipitating  qualities.  The  cholera  toxin  was  not  destroyed  by  boiling  and 
the  boiled  toxin  produced  as  good  a  serum  as  the  unboiled  one.  It  was  also 
found  that  the  injection  of  cultures  of  the  living  cholera  vibrio  into  the  veins  of 
a  horse  furnished  an  antitoxic  serum  which  w*as  even  more  active  than  that 
prepared  with  the  soluble  toxin.  They  admit  that  the  cholera  toxin  appears  to 
be  analogous  to  the  endotoxins  of  the  pest  and  typhoid  bacilli,  altliough  in  their 
final  conclusions  they  state  that  the*  organism  produces  a  soluble  toxin  the  action 
of  which  is  rapid  and  without  a  period  of  incubation.  They  also  believe  that 
the  cholera  toxin  contained  in  the  exudates  of  the  bacteria  and  that  obtained 
in  the  liquid  culture  media,  can  not  be  distinguished.  The  authors  in  their  last 
article  emphasize  some  further  precautions  to  be  observed  in  order  to  secure  a 
good  production  of  the  toxin.  The  media  finally  employed  consisted  of  20  cubic 
centimeters  of  normal  serum  of  the  horse  plus  10  cubic  centimeters  of  defibrinated 
blood.  The  serum  and  defibrinated  blood  must  be  at  least  three  weeks  old  before 
use,  as  otherwise  almost  no  production  of  toxin  occurs. 

In  1003-4,  in  studying  the  question  of  protective  inoculation  against  cholera, 
I  called  attention  to  the  fact  that  judging  from  my  experiments  ''it  would  appear 
that  the  most  advantageous  method  for  the  extraction  of  the  intracellular  toxins 
of  the  cholera  spirillum  would  be  the  one  which  MacFadyan  has  recently  applied 
to  the  typhoid  bacillus  with  the  same  end  in  view.  By  this  method  the  bacteria 
were  ground  up  at  the  temperature  of  liquid  air,  the  disintegration  having 
occurred  under  conditions  which  precluded  the  possibility  of  chemical  change." 

MacFadyan  "•  during  the  present  year,  1906,  has  undertaken  experiments  of 
this  nature  with  sterile  juices  obtained  from  the  cholera  organism.  Toxic 
extracts  were  obtained  from  the  most  virulent  cultures  which  killed  guinea  pigs 
acutely  in  doses  of  0.1  to  0.05  cubic  centimeter  while  0.02  cubic  centimeter  ren- 
dered the  animals  ill.  The  endotoxin  also  exerted  its  action  when  injected 
subcutaneously  in  quantities  of  1  and  2  cubic  centimeters.  Doses  of  0.1  to  0.05 
cubic  centimeter  killed  rabbits  on  intravenous  injection.  The  juices  deteriorated 
in  toxic  power  on  keeping,  and  the  latter  was  destroyed  by  heating  at  a  tem- 
perature from  55°  to  60°  C.  Goats  were  immunized  with  increasing  doses  of 
the  endotoxin  and  a  serum  was  obtained  of  which  0.002  cubic  centimeter  neutral- 
ized from  three  to  four  ascertained  lethal  doses  of  the  endotoxin  for  a  guinea  pig. 
This  property  was  not  possessed  by  1  cubic  centimeter  of  normal  serum. 

Kraus,*'  in  1904,  in  working  with  a  vibrio  designated  as  "Nasik,"  was  able  to 
obtain  a  powerful  toxin  from  filtered  bouillon  cultures  of  this  organism.  By 
heating  to  50°  C.  its  poison<ms  properties  were  destroyed.  Kraus  concluded  that 
his  organism  was  not  a  true  cholera  vibrio  owing  to  its  agglutinative,  bactericidal, 
precipitating,    and    haemolytic   properties.     Since    this    time    the   same   author  ** 

"Campt.  rend.  Acad.  d.  Sc.  Par.   (1906),  142,  728,  and  Ann.  d.  Vinst.  Pasteur 
(1906),  20,  578. 

"^Lancet  (1906),  2,  494. 

""Ventrhl.  f.   Bakteriol.   Orig.    (1904),   34,   488. 

"Ihid,   (1906),  41,   15,  and  Wien.  klin.  Wchnsrh.    (1906),   19,  655. 
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has  carried  on  extensive  experiments  with  a  number  of  different  vibrios,  which 
can  not  here  be  considered  in  detail.  In  bis  most  reoeift  article  on  the  subject  ** 
he  concludes  that  the  cholera  vibrio  of  Koch  produces  no  haemotoxin  either  in 
buillon  cultures  or  in  goat's  blood-agar  plates.  However,  it  gives  rise  to  a  toxin 
which  is  either  produced  by  the  spirillum  only  in  the  living  organism,  or  also 
in  vitro.  The  cholera  poison  is  a  true,  soluble  toxin  and  may  be  destroyed  by 
antitoxin.  It  i»  to  be  differentiated  from  Pfeiffer*s  endogenous  poison,  which 
in  the  organism  produces  no  antitoxin.  Cholera  is  therefore  an  intoxication  which 
is  excited  by  a  secreted,  soluble  toxin. 

A  study  of  Kraus'  experiments  does  not  seem  to  me  entirely  to  justify 
his  conclusions.  Moreover,  his  results  are  not  altogether  in  accord  with 
those  of  Brau  and  Denier.  Kraus  distinguishes  two  kinds  of  soluble 
poisons  in  the  different  spirilla,  one,  which  is  the  most  potent,  acutely  act- 
ing toxin,  such  as  that  produced  by  the  Vibrio  nasik,  and  a  large  number 
of  other  not  true  cholera  vibrios,  and  a  second  which  is  a  slowly  acting, 
poisonous  substance  encountered  in  filtrates  of  true  cholera  cultures  and 
which  he  regards  as  the  toxin  which  gives  rise  to  the  cholera  symptoms 
observed  in  man.  Brau  and  Denier  state  that  tlie  toxin  thcv  obtained 
from  the  cholera  vibrio  acts  acutely  and  without  an  incubation  period, 
and  that  they  secured  this  toxin  from  the  Vibrio  nasiJc,  as  well  as  from 
many  other  undoubted  cholera  strains.  The  toxin  with  which  they 
worked  was  not  destroyed  by  boiling,  while  the  one  which  Kraus  obtained 
from  the  Vibrio  nasik  was  destroyed  at  a  temperature  of  50°  C.  How- 
ever, Brau  and  Denier  in  their  last  publication  on  this  subject  incline  to 
the  belief  that  they  formerly  encx)unt*;red  two  toxins,  one  of  which  was 
destroyed  by  boiling  and  the  other  not.  Kraus  has  apparently  lost  sight 
of  the  fact  that  MacFadvan  has  obtained  an  anti-endotoxic  serum  of  such 
potency  that  0.002  cubic  centimeter  protected  a  guinea  pig  against  three 
Ic^thal  doses  of  the  cholera  endotoxin,  while  Brau  and  Denier  found  that 
0.002  cubic  centimeter  of  horse's  cholera  immune  serum,  the  animal  hav- 
ing received  0.5  liter  of  toxin  intravenously,  was  able  to  neutralize  but 
two  fatal  doses  of  the  toxin  after  standing  one-half  hour  in  vitro.  This 
serum  did  not  follow  the  law  of  multiples,  as  0.05  of  a  cubic  centimeter 
was  necessary  to  neutralize  '^  lethal  doses  of  toxin,  while  1  cubic  centi- 
meter was  required  to  neutralize  4  doses. 

I  d(»monstrated  in  1903  that  0.2  cubic  centimeter  of  a  cholera  anti- 
endotoxic  serum  would  neutralize  4  lethal  doses  of  toxin,  when  mixed 
imiiuMliatcly  before  inoculation.  I  also  foimd,  as  MacFadyan  has  since 
done,  that  a  temperature  of  60'  C  d(?stroy8  most  of  this  primary  poison, 
or  at  least  converts  tlie  toxin  into  toxoid.  It  would  appear  that  the  toxin 
which  Kraus  lias  obtained  and  which  he  designates  as  a  secretion  of  the 
organism  and  as  a  soluble  toxin,  is  none  other  than  the  one  with  which 
Brau  and  Denior.  MacFadyan,  and  mvself  worked  and  that  it  should 

• 
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ratlier  be  regarded  as  an  endotoxin,  for  convincing  ovideiue  to  the  con- 
trary at  least  has  not  vet  been  broufflit  forward. 

During  the  year,  opportunity  was  afforded  to  study  tlie  antitoxic  serum 
of  Denier  and  to  witness  its  practical  application  in  the  treatment  of 
Asiatic  cholera.  A  request  having  been  made  by  Dr.  Denier  to  carry  on 
the  experimental  serum  treatment  of  ch()l(»ra  in  the  Government  cholera 
hospital  in  Manila,  T  was  called  upon  to  examine  the  sera  and  report  upon 
them  before  this  method  of  treatment  was  undertaken.  The  two  sera 
which  Dr.  Denier  employed  were  of  a  different  nature.  One  serum 
designated  as  *^\"  was  prepared  by  injecting  the  horse  with  the  cholera 
toxin  entirely  frei*  from  the  bacteria,  and  tlie  second  one.  "B,*^  was 
produced  by  injecting  tlie  horse  with  the  living  organisms.  These  sera 
were,  upon  examination,  found  to  possess  specific  agglutinative  and  bac- 
t-ericidal  properties,  serum  ''IV  showing  a  much  higher  value  in  this 
respect.  Xo  study  was  made  of  the  neutralizing  power  of  the  sera  for 
lethal  amounts  of  the  filtered  cholera  toxin.  Guinea  pigs  inoculated  with 
1  cubic  centimeter  of  serum  "B"  and  at  the  same  time  with  1  or  even  2 
oesen  of  a  cholera  vibrio,  of  which  the  lethal  dose  was  1/10  oese,  survived 
the  inoculation ;  however,  when  thev  were  inoculated  with  5  oesen  and  2 
cubic  centimeters  of  the  serum,  thev  invariably  succumbed.  Pfeiffer^s 
phenomenon  seemed  to  ha\e  been  (om[)lete,  as  was  shown  by  the  post- 
mortem examination  of  a  number  of  these  animals,  since  microscopic 
preparations  from  the  exudate  in  the  abdominal  cavity  showed  no  motile 
vibrios  and  the  animals  had  apparently  died  rather  from  an  intoxication 
than  from  an  infection.  However,  these  (^\'perinlents  obviously  do  not 
demonstrate  whether  death  had  occurred  from  the  effect  of  the  endotoxin 
contjiined  in  such  a  large  amount  of  the  si)irillum  (5  oesen)  or  from 
the  effects  of  another  soluble  toxin. 

Serum  '*B^^  was  found  to  protect  against  larger  doses  of  the  living 
organism  than  serum  *'A"  as  was  proved  by  testing  the  bactericidal 
|K)wer  of  the  two  sera.  The  bactericidal  value  of  the  sera  was  ap- 
parently, at  all  events  so  far  as  the  living  organisms  w(Te  comrerned, 
the  most  important  factor  in  protecting  the  animals,  at  least  up  to  a 
certain  dose.  In  manv  of  the  animals  which  died  and  which  had  not 
received  excessively  large  doses  of  the  cholera  spirillum.  Pfeiffer's  pheno- 
menon was  also  found  to  be  complete  or  almost  so. 

In  all,  52  human  cases  of  cholera  were  tnnited  by  Dr.  Denier  with  the 
sera.  In  each  instance  a  bacteriologie  diagnosis  of  eliohTa  was  made 
bv  Dr.  Denier  and  also  bv  this  lalmratorv,  as  wns  eustomarv  with  all 

»  •  •  • 

cases  in  the  Government  hospital.  The  injections  of  the  sera  were  given 
intravenously  and  in  large  quantities,  as  much  as  250  cubic  centimeters  in 
a  liter  of  Hayem's  solution  being  inoculated  at  a  single  dose.  Following 
this  primary  inoculation,  100  cubic  centimeters  of  serum  were  injected 
in  an  equal  amount  of  saline  solution  every  three  hours  until  a  reaction 
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on  the  part  of  the  patient  occurred.  The  average  amount  of  serum 
given  was  from  300  to  500  cubic  centimeters,  but  in  one  case  1,000  cubic 
centimeters  were  inoculated  in  twenty-four  hours.  The  cases  in  the  hospi- 
tal were  treated  alternately  with  serum,  that  is,  every  other  case  admitted 
received  this  treatment.  Dr.  Denier  remained  at  the  hospital  day  and 
night  and  was  indefatigable  in  his  efforts  to  treat  and  care  for  the  sick. 
The  injections  of  the  serum  were  usually  given  fery  shortly  after  the 
time  of  the  admission  of  the  case  to  the  hospital.  Obviously,  the  patients 
were  frequently  in  collapse  at  the  time  of  their  arrival.  Dr.  Denier  *^ 
has  prepared  the  following  table  which  at  a  glance  shows  the  results  of 
the  serum  treatment. 


Number 
of  cases. 

Cholera 
spirillum 

not  iso- 
lated 

from  the 
stools. 

Dead. 

Recov- 
ered. 

1 

Percent-  \ 

Bge 
of  mor- 
tality. 

Controls 

21 
16 

5 

3 
1 

13 

11 

2 

5 
4 
8 

72 
75 
40 

Serum  "A"  antitoxic 

Senim  "K"  antimicroWc    _. 

From  this  table  it  is  evident,  as  Denier  points  out,  that  the  cases 
which  received  the  antitoxic  serum  were  not  benefited  by  it,  the  mortal- 
ity being  even  higher  than  in  the  ones  which  received  no  serum.  The 
number  of  cases  which  received  the  antimicrobic  serum  is  too  small  to 
justify  decided  conclusions,  although  the  mortality  is  much  lower. 
Denier  calls  attention  to  the  fact  that  liquid  and  frequent  serous  move- 
ments occurred  shortly  after  the  inoculations,  with  the  patients  who 
receivcHl  intravenously  a  large  amount  of  the  serum  in  Hayem^s  fluid, 
these  movements  in  volume  approximately  equaled  that  of  the  liquid 
injected.  Therefore,  he  thought  that  possibly  the  antitoxic  serum  was 
HOC  retained  in  the  body  for  a  sufficient  length  of  time  to  accomplish  its 
action  and  that  it  was  perha|>s  excreted  into  the  intestine  and  passed  in 
the  stool.  He  suggests  that  tlie  injection  of  the  serum  might  therefore, 
under  proper  aseptic  conditions,  be  made  with  better  results  into  the 
abdominal  cavity.  It  has  occurred  to  me  that,  if  the  inoculated  serum 
was  excreted  into  the  intestine,  more  favorable  results  might  perhaps  be 
obtained,  at  least  in  the  early  cases,  with  a  serum  of  higher  bacteriolytic 
power,  since,  in  the  event  of  the  excretion  of  the  serum  by  the  mucosa  of 
the  intestine,  it  would  be  brought  into  direct  contact  with  the  cholera 
spirillum.  Probably  such  a  serum  would  exert  no  favorable  influences 
by  its  bacteriolytic  properties  in  the  later  stages  of  the  disease.     It  would 

« 
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be  interesting  to  ascertain  whether  better  results  could  be  noted  in  the 
treatment  of  cholera  by  the  use  of  the  antitoxic  serum  prepared  accord- 
ing to  the  method  recommended  by  MacFadyan,  since  he  has,  according 
to  published  reports,  prepared  the  senmi  of  the  highest  endotoxic  power.*^ 
As  yet  we  have  not  by  our  own  experiments,  been  convinced  of  the 
production  in  cultures  of  a  soluble  toxin  by  the  cholera  spirillum,  even 
when  it  is  freshlv  isolated  from  the  cholera  stool.  On  the  other  hand, 
it  does  not  appear  to  me  definitely  to  have  been  determined  that  the  toxin 
which  MacFadyan  and  others  have  obtained  from  the  protoplasm  of 
the  organism,  really  is  the  toxin  in  the  same  condition  in  which  it  gives 
rise  to  all  of  the  symptoms  of  the  disease  in  man.  At  all  events,  it 
woidd  appear  that  the  cell  juices  which  MacFadyan  has  isolated  probably 
also,  in  addition  to  the  pure  specific  cholera  toxin,  contain  certain  other 
poisonous  substances.  A  more  extensive  routine  study  of  the  cholera 
vibrios  isolated  freshly  from  the  cholera  stools,  as  well  as  of  the  strains 
of  Bacillus  dysenterm  encountered  in  dysentery  faeces,  in  relation  to  the 
formation  by  them  of  soluble  toxins,  will  be  pui'sued  in  this  laboratory 
as  opportunity  offers. 
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In  a  personal  communication  from  Dr.  Denier  1  am  informed  that  Dr. 
Besredka  has  recently  succeeded  in  preparing  an  antitoxic  cholera  serum  which 
possesses  a  much  greater  value  than  did  the  serum  with  which  Dr.  Denier  per- 
formed his  experiments  in  the  treatment  of  human  cases  of  this  disease  during  the 
preceding  year. 


OBSERVATIONS  UPON  TREPONEMA  PERTENUIS  CASTEL- 
LANI  OF  YAWS  AND  THE  EXPERIMENTAL  PRO- 
DUCTION OF  THE  DISEASE  IN  MONKEYS. 


Bv  P.  M.  AsunuBN  and  Charlks  F.  Cbaio.' 

(Frani  the  laboratory  of  the  United  States  Army  Board  for  the  Study  of 

Tropical  Diseases^  Division  Hospital j  Manila,  P.  !.  and  the 

Biological  Laboratory  of  the  Bureau  of  Science.) 


PART  I. 
JII8TORICAL. 


Sehaudinn  and  Hoffman (3)  in  May,  1905,  announced  their  discovery 
of  a  spiral-shaped  parasite  in  the  lesions  of  syphilis,  which  they  named 
Spirochcpte  pallida. 

As  spirochete,  Colin,  1872,  is  an  amended  H|>elling  of  Spirochceta,  Ehren- 
berg,  1834,  the  name  Spirochorte  pallida  became  Spirochwta  pallida.  In  the 
same  year  Vuillemin(4)  selected  Spirochwta  pallida  as  the  type  of  a  new 
genus  which  he  called  Spironema,  the  organism  found  in  syphilis  thus  becoming 
Spironema  pallidum,  a  classification  accepted  by  Sehaudinn  in  190«5.  Further 
investigation  developed  the  fact  that  the  name  Spironema  had  been  previously 
employed  to  designate  a  genus  of  mollusks,  and  accordingly  could  not  be  used 
in  this  connection.  Stiles  and  Pfender(5)  proposed  the  name  Microspironema 
pallidum^  for  the  organism  but  before  their  publication  appeared  Sehaudinn (6) 
had  proposed  the  generic  term  Treponema  and  the  specific  name  Treponema  pal- 
lidum, Sehaudinn,  which  is  the  correct  name  of  the  parasite  of  sypliilis. 

In  February,  1905,  Castellani(7)  while  investigating  the  etiology  of  yaws 
at  Ck>lombo,  Ceylon,  discovered  spirochopta  in  the  serum  of  yaws  lesions,  one  of 
which  resembled  very  closely  Treponema  pallidum  in  its  morphologj'.  In  the 
announcement  of  this  discovery,  which  appeared  in  the  "'Journal  of  the  Ceylon 
Branch  of  the  British  Medical  Association,"  June  17,  190;1.  he  named  the  organ- 
ism Spirochceta  pertenuis,  but  as  it  undoubtedly  belongs  to  the  genus  Treponema, 
the  correct  name  is  Treponema  pertenuis  Castellani.  Several  papers  by  this  in- 
vestigator have  since  appeared  (8,  9.  10,  11.  12)  dealing  with  the  etiology  of 
yaws  and  a  few  confirmatory^  reports  of  the  presence  in  the  lesions  of  yaws  of 
Treponema  pertenuis. 

Wel]man(13),  in  South  Angola,  Africa,  was  the  first  to  confirm  Castellani*s 
observations,  finding  the  organism  in  scrapings  from  yaws  lesions  in  one  case. 

*  P.  M.  Ashburn,  captain  and  assistant  surgeon.  United  States  Army,  and 
Charles  F.  Craig»  first  lieutenant  and  assistant  surgeon,  Tnited  States  Army, 
constituting  the  United  States  Army  Board  for  the  Study  of  Tropical  Diseases 
as  they  Occur  in  the  Philippine  Islands. 
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He  wtts  not  aware  of  Cantellani'ii  discovery  at  the  time,  July,  1905,  so  that  his 
observations  amount  to  an  independent  discovery  of  Treponema  pertenuutf 
althougli  the  organism  was  tirst  seen  and  described  by  Castellani.  In  a  sup- 
plementary note  regarding  the  npirocho'tfr  found  in  yaws,  Wellman  says  (14): 
'*It  is  significant  that  this  observation  which  has  been  spoken  of  as  one  of  the 
most  im]H)rtant  discoveries  of  recent  times,  considering  the  fact  that  the  Hpiro- 
chcrta  pallida  has  been  found  by  Schaudinn  in  syphilis,  and  considering  the 
relation  said  to  exist  between  yaws  and  syphilis  (15)  should  have  been  made 
almost  simultaneously  in  two  such  widely  separated  countries  as  Ceyhm  and 
West  Africa." 

Further  confirmations  of  the  presence  of  Treponema  pei'tenuis  Castellani  in 
the  lesions  of  yaws  have  been  published  by  Powell  (16),  Borne (17)  and  Mac- 
Lennan(18).  Powell  and  McLennan  found  the  organism  in  but  one  case,  but 
Borne  encountered  the  treponema  in  nine  of  eleven  cases  examined,  and  the  latter 
wrote  Castellani  ( 19)  that  he  had  found  them  in  forty-nine  out  of  fifty-nine  cases. 
Connor  (20)  was  unable  to  demonstrate  Treponema  pertenuis  in  two  cases  of  yaws 
occurring  in  Manipur  State.  Tndia,  using  Leishman's  stain,  the  method  advocated 
by  Castellani. 

Deacription. — The  following  r^sum^  is  compiled  from  the  published  descriptions 
of  the  organism  by  Castellani.  The  treponema  were  found  by  him  in  the  serum 
from  tlie  nonulcerated  lesicms  and  in  smaller  numbers  in  the  ulcerated  lesions  of 
vaws. 

The  majority  of  the  organisms  are  extremely  delicate,  though  some  individuals 
are  thicker  and  stain  more  intensely,  but  all  are  thinner  than  ^Wefringens**  or  other 
spirocheette  with  the  exception  of  Treponema  pallidum  Schaudinn.  The  length 
varies  from  a  few  ^  to  18  or  20  or  more.  Both  extremities  are  often  pointed, 
but  forms  are  met  with  presenting  blunt  extremities  or  one  extremity  blunt  and 
the  other  pointed.  Rarely,  one  extremity  may  show  a  pear-shaped  expansion  or 
a  loop-like  formation.  The  organisms  are  spiriliform,  the  number  of  waves  in 
the  spiral  varying,  but  generally  being  numerous,  uniform,  and  of  small  dimen- 
sions; sometimes  an  organism  is  observed  having  uniform,  narrow  waves  for  a 
portion  of  its  length,  the  remainder  being  almost  or  quite  straight.  Ti»'o 
organisms  may  be  attached  together  end  to  end,  or  twisted  about  one  another. 
Castellani  has  seen  forms  indicating  longitudinal  division,  two  organisms  lying 
parallel,  close  together  and  united  at  one  end ;  he  has  also  observed  a  few 
chromatoid  points  scattered  irregularly  in  some  organisms.  With  I^ishman*s  or 
Giemsa's  stain  the  organism  takes  a  pale,  reddish  tint.  Castellani  also  found,  in 
very  rare  instances,  a  few  oval  or  roundish  bodies  5  to  6  /u  in  length,  and  4  to 
G  ^l  broad,  staining  purplish  or  bluish  with  T^eishman's  stain,  and  containing 
chromatin,  collected  at  one  point  or  scattered  throughout  the  bodies.  He  suggests 
that  these  bodies  may  be  a  developmental  stage  of  the  Treponema  pertenuis.  In 
the  open  ulcerative  sores  of  frambcpsia  Castellani  found,  along  with  Treponema 
pertenuis,  three  varieties  of  spirochfptfle.  as  follows: 

1.  A  thick,  easily  stained  form,  identical  morphologically  with  8.  refringens 
Schaudinn. 

2.  A  thin,  delicate  form,  with  waves  varying  in  size  and  number,  and  blunt 
at  lH)tli  ends.     ITe  named  this  organism  .S'.  ohtusa. 

3.  A  thin,  delicate  form.  taj)ering  at  both  ends,  which  he  named  8.  acuminata. 
Castellani  found  Treponema  pertenuis  present  in  the  lesions  of  yaws  in  eleven 

<»f  fourteen  oases.     Regarding  its  morphological   resemblam»e  and  its  relation  to 
Trrponrnin  pnllidum  lie  said  in  1906(21)  : 

"The  spiroehsptje  f()un<l  in  the  non-o])en  lesions  and  some  of  those  found  in 
open  sores  of  yaws  are.  in  my  o])inion,  morphologically  identical  with  the 
»*?.   pallida  of   Schaudinn.     This   is   also  the   opinion   of   Schaudinn   himself  who 
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very  kindly  has  examined  several  of  my  specimens,  but  that  if  future  investigation 
will  prove  that  yaws  is  a  spirochapttt  disease,  the  yaws  spirochapte  will  have  to  be 
considered  to  be  biologically  different  from  the  spirochaete  of  syphilis.'* 

Careful  and  frequent  inquiries  among  the  mc^dieal  officers  of  the  Army 
and  civilian  practitioners  in  Manila,  during,  a  period  of  almost  a  year, 
had  but  confirmed  the  impnvsion  gained  from  the  lit<;rature  (1  and  2), 
that  yaws  is  a  rare  disease  in  the  PhiUj)pine  Tslan^ls,  when  we  were 
shown  some  cases  at  Paranaque,  through  the  courtesy  of  Dr.  Luis  Gue- 
rrero. At  the  time  of  our  first  visit  there  we  saw  four  cases  and  at 
subsequent  visits  four  others,  while  we  were  infonned  by  the  patient** 
and  their  friends  that  the  disease  is  vers-  common  throughout  all  the 
region  about  Paranaque,  and  we  have  since  heard  of  it  as  common  in 
certain  towns  of  Tarlac  Province,  Luzon,  and  in  the  neighborhood  of 
Parang-Parang,  Mindanao,  and  it  is  (juite  probable  that  it  is  frequently 
seen  and  well  known  by  the  natives  in  most  parts  of  the  Archipelago. 

We  have  also  seen  fne  cases  in  San  T^azaro  Hospital,  Manila,  all  in 
lepers.  We  have  not  had  an  opportunity  to  treat  any  case  that  we  have 
seen,  but  we  have  examined  all  and  in  ten  we  looked  for  Treponema  perte- 
ntm,  finding  it  in  all  of  them. 

Our  examinations  of  yaws  cases,  which  have  been  made  at  relatively 
infrequent  intervals  for  the  reason  that  we  had  none  under  our  im- 
mediate control  and  supervision,  embraced  inquiries  into  the  clinical  mani- 
festations of  the  disease.  Tn  this  regard  they  l)r()ught  out  nothing  new 
that  is  imj)ortant  and  the  description  which  we  might  give  of  the  clinical 
appearance  of  the  disease  would  not  differ  greatly  from  those  of  most 
recent  authors  and  even  from  those  of  a  C(»ntury  ago  by  WinterlK)ttom 
and  Bateman(22),  except  that  we  think  the  large,  ulcerative  lesions  are 
probably  due  to  secondary'  infections  and  should  not  be  credited  to 
pure  yaws,  any  more  than  suppuration  in  syphilitic  lesions  sliould  be 
attributed  to  Treponemn  pallidum. 

The  observations  which  we  shall  discuss  herein  consist  principally, 
then,  of  studies  of  the  fresh  and  stainc^l  serous  exudate  from  vaws 
lesions,  which  contained  tbe  Treponema  pertenuis.  as  described  by  Castel- 
lani  and  others.  As  the  serum  presented  notiiing  peculiar  or  ciuirac- 
teristic  of  yaws  except  tlic  treponema,  the  great  bulk  of  our  work 
consisted  in  observations  on  tbat  parasiti'.  1'lu»se  observations  were  nlade 
on  three  varietit»s  of  preparations  of  the  serum. 

MKTIIOIXS  OF   KX  AM  IN  AT  ION. 

.1.  Stained  smears.  Tht»si»  were  prejmred  by  reinoviii;::  the  yellowish,  1mh»swu.\- 
like  tops  from  the  jHipilloniatous  lesions,  either  by  ])nllin«;  them  off  entire  or 
by  washing  them  off  by  friction  with  wet  piii/e.  aii<l  taking  on  the  end  of  a 
Hlide  n  bit  of  the  dear  serinn  wliicli  tlien  exudes  from  tbe  b»sion  and  making  a 
very  thin  Hnienr  of  it  a<-ross  a  tlH>ronj;lily  cleaned  slide.  Preparations  so  ma<le 
were  then  stained  with  either  \Vri«;ht's  or  (Jiemsa's  stain,  preferably  tbe  latter. 

A  more  profuse  flow  of  serum  is  obtained  if  tbe  crust  or  cap  of  the  swelling; 
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t)e  washed  away,  a8  tlie  friction  necessary  in  this  process  probably  causes  an 
increased  flow  of  blood  to  the  lesion;  at  any  rate,  a  remarkably  profuse  flow  is 
so  obtained.  On  the  other  hand,  if  the  cap  be  merely  pulled  ofT,  the  serous  flow 
may  be  very  slight  and  it  only  becomes  profuse  when  the  papilloma  is  rubbed  with 
the  end  of  a  slide  or  with  a  piece  of  gauze,  and  even  then  it  is  not  so  abundant 
and  so  free  from  cells  as  the  serum  obtained  by  the  first  method. 

It  is  remarkable  how  clean  and  how  free  from  body  cells  and  bacteria  the 
slides  thus  made  may  be. 

B.  Fresh  scrum. — This  was  obtained  in  the  same  way  as  that  for  staining,, 
except  that  it  was  generally  allowed  to  flow  into  capillary  tubes,  whence  it  was 
blown  out  upon  slides  and  diluted  or  not,  as  seemed  desirable,  with  a  small 
amount  of  normal  saline  solution.  It  was  then  covered  with  a  thin  cover  glass, 
the  glass  ringed  with  vaseline  and  examination  made  with  a  high  power. 

C- -Capillary  tube  preparations  were  made  as  indicated  above,  the  tubes  being 
sealed  when  filled  and  kept  at  room  temperature  (usually  about  30°  centigrade) 
for  variable  lengths  of  time,  when  they  were  broken,  the  contents  blown  out  and 
examined  stained  or  unstained,  or  both. 

In  addition  to  the  examinations  made  of  the  serum,  in  the  ways  just  indicated, 
we  excised  two  papillomata  and  sectioned  and  stained  them  by  Levaditi's  method. 
We  were  unable  to  demonstrate  the  Treponema  in  thejie  preparations,  but  in 
sections  similarly  stained  and  sent  to  us  by  Captain  Russell,  acting  curator  of 
the  Army  Medical  Museum,  they  are  seen  in  great  numbers,  lying  among  the 
epithelial  cells,  but  less  numenms  among  the  deeper  layers  of  these.  The 
organisms  are  in  many  instances  aggregated  into  clumps  similar  to  those  obtained 
in  the  capillary  tubes.  The  cells  among  which  the  organisms  are  found  always 
show  signs  of  degeneration,  loss  of  outline,  indistinctness  of  nuclei,  and  vacuola- 
tion.  Such  areas  are  localized  and  present  the  appearance  of  lacunse  of  degen- 
eration. 

DESCRIPTION    OF   TKEPONEMA   PERTENUIS   CASTELLANI. 

a.  Morphology. — The  niorpliolog}'  of  the  trcponema  may  be  very  briefly 
described  by  the  statement  that  it  is  indistinguishable,  so  far  as  we  can 
determine,  from  tliat  of  Treponema  paUidum.  In  shape,  size,  staining 
reactions,  appearance  of  ends,  etc.,  the  two  are  similar,  and  neither  we  nor 
the  many  medical  men  and  investigators  to  whom  we  have  shown  the 
organisms  and  whose  opinion  we  have  sought,  are  able  to  differentiate 
them. 

In  length  Trejwnema  pcrfenvis  varies  considerably,  some  short  forms 
not  being  longer  than  about  4  m.  Tt  is  possible  that  other  forms  may 
be  even  sliortcr  than  this,  but  if  so  they  are  not  recognizable  as  trcponema. 
More  conmionly  they  arc  about  10  to  12  fi  in  length,  while  individuals  are 
ev(»n  longer.  Occasionally  very  long  forms  are  seen,  20  and  25  or  very 
rarely  even  30  /i,  but  whether  these  arc  single  individuals,  or  multiplying 
or  agglutinating  forms  in  which  two  individuals  are  joined  end  to  end, 
wc  can  not  vet  determine. 

The  width  of  the  organism  is  so  very  slight  that  we  are  unable  to 
measure  it  with  exactness.  We  estimate  its  width  as  probably  varying 
from  one-sixth  to  one-half  of  a  micron.  Tf  the  line  of  a  filar  micrometer 
is  brought  as  near  to  one  side  of  a  loop  of  the  trcponema  as  is  possible 
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without  covering  the  latter,  and  the  line  of  the  instrument  be  moved  ^ 
or  i  fi  toward  the  treiK>nema,  the  side  of  the  loop  will  be  hidden  in  most 
instance's.  Whether  it  will  be  completely  covered,  or  more  than  covered 
bv  the  line,  we  can  not  sav.  We  can  not  be  more  definite  than  to  say 
that  in  our  opinion  the  width  of  the  organism  is  not  far  from  0.25  /i,  but 
it  may  be  either  greater  or  less.  The  length  of  the  spiral  turns  averages 
very  close  to  1.5  fi,  measured  from  crest  to  crest.  When  we  first  began  to 
study  the  organism  we  thought  that  Treponema  perteniti^  was  probably  a 
trifle  wider  and  a  trifle  more  o[Km  in  its  curves  than  Treponema  pnUidnm. 
and  we  yet  think  that  this  may  possibly  be  true  for  th(»  average  of  large 
numbers,  but  our  average  measurements  are  the  same  for  both,  and  there 
is  no  form  that  we  have  seen  which  wc  felt  justified  in  designating  as 
either  paWuhnn  or  periemm,  one  and  not  the  other,  unless  we  knew  the 
source  from  which  it  was  derived. 

The  curves  of  both  species  of  treponema  vary  somewhat  in  width  and 
regularity,  but  tht^c  variations  are  not  })eculiar  to  or  even  much  more 
common  for  either  species.  In  general,  the  curves  are  fine,  alK)ut  1  to 
l.'i  fi  in  depth,  regular  and  rather  rigid.  The  last-named  character  is 
especially  noticeable  in  unstained,  fluid  prepai-ations.  Here  the  organisms 
are  seen  as  fine  and  fairly  rigid  spirals,  usually  straight  or  almost  so. 
The  appearance  is  the  miniature  of  that  produced  by  a  long  spiral  wire 
spring.  Such  a  spring  may  be  bent  by  slight  pressures,  but  it  at  once 
resumes  its  straight  form  when  the  pressure  is  relieve<l,  and  in  either  the 
straight  or  the  bent  form  it  retains  its  spiral  turns. 

This  description  applies  particularly  to  fluid  preparations  from  a  few 
hours  to  a  few  days  old.  In  quite  fresh  preparations  the  treponema  can 
not  usually  be  seen,  or  if  seen,  recognized.  Flashes  of  very  motile 
organisms  may  be  observeil,  and  it  is  a  fair  presumption  that  some  or 
all  of  them  may  be  tn^ponema,  but  the  motion  is  so  rapid  and  the  glimpse 
of  the  organism  so  flwting  that  no  deductions  can  be  drawn  as  to  mor- 
phological characteristics. 

It  is  important  to  note  that  in  fluid  preparations  the  morphology  of  the 
organisms  is  much  more  regular  than  in  stained  ones,  and  it  is  therefore 
probable  that  many  of  the  variations  in  the  latter  class  nuiy  be  due  to 
the  drying  and  staining  process.  This  statement  applies  to  our  ex- 
perience with  both  pallidvm  and  pertenuis  and  we  think  that  it  lessens 
the  value  of  the  deductions  based  solely  on  the  morphology  of  stained 
specimens. 

However,  since  the  descrilxMl  morphology  of  both  Treponema  pallidum 
and  Treponema  pertenuis  heretofore  n^ted  almost  entirely  on  the  descrip- 
tions of  stained  specimens,  it  is  well  to  consider  such  specinums  here;  but 
it  should  be  borne  in  mind,  that  no  matter  how  many  shajx^s,  siztv  and 
forms  the  stained  organisuis  may  show,  there  is  not  one  of  theui  which  can 
not  be  imitated  by  the  use  of  the  spiral  wire  spring  to  which  we  likene<l 
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those  in  the  wet  preparations,  if  the  spring  be  subjected  to  forces  anal- 
ogous to  those  acting  on  the  treponema  during  the  making  and  drying 
of  the  smear. 

The  stained  forms,  presenting  many  variations  as  to  size  and  shape, 
may  be  most  conveniently  described  by  dividing  them  into  tyjies  or 
classes.  While  the  length  and  numl)er  of  curves  vary  greatly,  the  exam- 
ination of  a  large  number  of  Treponema  pertenvis  shows  the  average 
number  of  curves  to  be  about  eight  Seventeen  is  the  greatest  number 
counted  on  one  organism,  two  the  smallest.  Many  individuals  show 
only  four  or  five  turns,  only  a  few  have  more  than  twelve.  All  types, 
shapes  and  sizes  stain  with  diflficulty,  showing  best  with  Giemsa's  stain, 
which  gives' them  a  pinkish-violet  color. 

Type  A  (see  PI.  IV)  is  probably  the  most  common  stained  type  of 
Treponema  pertenuis,  as  it  is  of  Treponema  pallidum.  This  may  be  said 
to  be  the  classical  type  of  the  latter,  but  the  other  forms  to  be  described 
for  pertenuis  may  also  be  found  for  it. 

This  type  is  usually  straight,  or  but  slightly  bent;  it  shows  regular  and 
even  curves  which  are  very  fine,  and  terminates  in  narrow  pointed  ends 
which  have  been  interpreted  as  flagclla.  It  stains  evenly  througliout, 
although  the  finely  pointed  ends  show  less  distinctly  than  the  main  part, 
probably  because  of  their  size. 

Type  B  is  likewise  very  common,  and  differs  from  A  in  having  a 
straight  and  usually  thin  portion  in  some  part  of  its  course,  frequently 
near  the  middle.  This  appearance  has  betm  variously  interpreted  by 
different  observers :  principally  as  a  union  of  two  organisms  by  their 
flagclla  in  beginning  agglutination,  2^  an  incomplete  separation  of  indi- 
viduals resulting  from  longitudinal  division,  or  as  beginning  or  incom- 
plete transverse  division. 

A  spiral  wire  spring  may  be  made  to  present  a  similar  appearance  if 
one  or  more  of  its  coils  is  straightenctl  out  by  traction  and  pressure. 

Type  C  corresponds  most  closely  with  that  we  (*onsider  the  unaltercni 
form  as  seen  in  wet  preparations.  It  corresponds  to  type  A  except 
that  instead  of  terminating  in  finely  pointed  ends,  it  shows  a  dot  or  little 
knob  at  one  end  or  often  one  at  each  end.  This  is  the  appearance  seen 
almost  unifonnly  in  wet  preparations  and  we  think  that  it  is  due  to  a 
tight  curling  of  the  ends,  such  as  is  sc^en  on  the  shoots  of  many  young 
plants.  This  curl  may  straighten  out  under  the  influence  of  age  or 
drying,  and  the  end  may  then  appear  as  a  finely  attenuated  i)oint  or 
fiagellum. 

Type  I)  is  also  common  and  differs  from  A  and  C  in  that  one  or  both 
ends,  instead  of  showing  a  finely  attenuated  point  or  blunt  dot,  show  a 
ring. 

This  ring  frcfiuently  ap])ears  thicker  and  heavier  than  the  main  part  of 
the  body.     With  the  s])inil  wire  we  may  obtain  a  similar  picture  if  wc 
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turn  up  an  end  or  the  ends  of  the  spiral  so  as  to  look  down  through  part 
of  it  and  view  another  part  from  the  side.  That  such  bends  should 
frequently  be  caused  by  the  spreading  and  drying  of  the  serum  is  readily 
to  be  believed  for  the  reason  that  we  often  see  tlie  same  thing  entirely 
in  profile,  that  is,  the  spiral  turns  are  still  preserved,  but  the. whole  spiral 
so  bent  as  to  fonn  two  or  three  sides  of  a  quadrangle. 

Type  E  may  present  the  terminal  features  of  any  of  the  above  but  it 
also  shows  in  its  continuity  a  complete,  circular  loop,  or  more  than  one. 
The  spiral  wire  assumes  a  similar  appearance  if  one  turn  be  pressed 
down  or  back. 

Type  F  represents  a  short,  loosely  curved  organism  attached  to  a  ring 
or  two  rings,  one  at  either  end.  This,  we  think,  differs  from  D  only  in 
the  proportions  of  the  spiral  viewed  from  the  end,  and  in  tlie  fact  that  the 
part  viewed  in  profile  has  the  regularity  of  its  curves  more  altered  by  pres- 
sure or  drying. 

Type  G  represents  various  irregular  forms  which  differ  from  the  more 
characteristic  individuals  in  form  only,  not  in  size  or  staining  power.  It 
is  possible  to  produce  all  of  them  by  pressure  or  trax^tion  applied  in  various 
ways  to  the  wire  spiral. 

Type  H  embraces  the  individuals  which  show  dots  in  some  part  of 
their  continuity.  These  have  been  referred  to  by  various  writers  as 
chromatin  dots,  as  representing  nucleus,  blepharoplast,  etc.  Whether  or 
not  they  be  such,  or  are  merely  kinks  or  twists  in  the  organism,  we  do 
not  know.  We  are  unable  to  determine  any  constancy  in  the  frequency, 
number,  or  localization  of  their  occurrence,  and  an  analogous  appearance 
may  be  caused  in  the  wire  coil  by  kinking  or  twisting  it. 

These  various  types  may  be  found  pure  or  in  a  great  variety  of  com- 
binations, such  as  B  C,  G  D,  V  D  H,  H  G,  A  H,  etc. 

Types  A,  B  and  C  are  ^^n  in  the  wet  preparations,  and  of  the  three, 
C  is  by  far  the  most  common.  It  is  unusual  to  see  in  such  preparations 
any  individuals  which  do  not  show  the  knob-like  ends  and  the  re^i^ular 
curves  throughout  their  length.  The  other  fonus  D,  E,  Y,  G,  and  H  we 
have  rarely  or  never  seen  in  wet  preparations,  but  occasionally  we  have 
observed  individuals,  particularly  in  old  ones,  which  presented  a  some- 
what beaded  appearance  that  might  rej)resent  type  H  of  the  stained 
specimens. 

MOTILITY. 

In  neither  fresh  nor  stained  specimens  have  we  seen  anything  that  we 
interpreted  as  an  undulating  membrane,  nor  anything  that  was  differ- 
entiated as  a  flagellum  in  the  distinct  manner  in  which  flagella  are 
differentiated  on  certain  bacteria  or  irypanosoniata.  The  motility  of  the 
organisms  as  seen  in  wet  preparations  probably  varies  from  the  extremely 
active  movement  already  mentioned,  which  permits  one  to  see  a  flash  of 
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glancing  light  but  no  more,  to  a  very  sluggish  motion  which  so  closely 
simulates  entire  passivity  as  to  leave  the  observer  in  serious  doubt  as  to 
whether  any  is  present,  other  than  that  due  to  currents  in  the  serum. 

When  motion  has  ceased  to  a  sufficient  degree  to  permit  of  the  organ- 
ism being  wj?ll  seen  and  clearly  identified,  it  is  always  slow.  It  consists 
of  a  slight  rotation  on  the  axis  of  the  spiral  representing  the  appearance 
of  a  corkscrew  movement,  and  a  mild  and  gentle  waving  and  bending  of 
the  entire  organism.  'Jliese  two  varieties  of  motion  combined,  cause  the 
treponema  to  pass  across  the  field,  to  rise  and  sink,  necessitating  much 
change  of  focus,  or,  if  one  end  of  the  organism  it  attached  to  the  cover 
glass,  or  to  foreign  matter  in  the  field,  as  is  frequently  the  case,  to  lash 
or  to  swing  in  an  indolent  manner  from  this  fixed  point. 

This  motion  and  what  we  consider  the  common  form  of  the  organism 
may  best  be  observed  in  capillar}-  tube  preparations  about  one  day  old. 
In  that  length  of  time  the  accompanying  bacteria  have  usually  not  multi- 
plied so  greatly  as  to  occupy  the  large  part  of  the  field  they  do  later, 
while  the  treponema  have  ceased  to  move  actively,  and  have  usually 
increased  in  number  and  are  readily  found.  In  these  preparations,  or 
stained  ones  made  from  them,  what  are  most  commonly  called  the 
dividing  forms  are  more  frequently  seen. 

DIVIDING   FORMS. 

« 

For  ease  of  description  we  may  designate  these  forms  as  additional 
types  I,  K,  L  and  M. 

Type  I  is  fairly  common  and,  as  indicated  by  Plate  IV  shows  some 
variety  in  the  arrangement  of  its  component  parts.  Essentially  it  con- 
sists of  two  or  more  spirals  which  are  attached  one  to  another  by  their 
ends.  In  some,  this  attachment  is  such  as  to  be  almost  or  quite  indistin- 
guishable from  type  B. 

Type  K  is  also  quite  common  and  differs  from  I  in  that  the  attachment 
is  firmer  and  involves  a  greater  part  of  the  length  of  the  parasite.  It 
is  as  though  the  wire  of  the  spiral  had  been  split  throughout  a  quarter, 
a  half,  or  three  quai-ters  of  its  length,  the  turns  being  preserved.  How- 
ever, the  two  sections  of  the  spiral  are  frequently  unequal  in  length.  The 
appearance  })resented  in  sucli  cas(»s  has  been  figured  by  Siedlecki  and 
Krystalowicz(23)  as  representing  conjugation. 

Type  L  is  prolmbly  the  most  striking  and  pretty  form  to  be  seen. 
Here  the  two  component  parts  are  intertwined  throughout  their  length, 
the  two  ends  at  one  extremity,  however,  })eing  free.  Occasionally  all 
four  ends  are  free,  but  more  commonly  those  at  one  extremity  are  fused, 
or  tliey  take  their  origin  from  a  common  dot  or  knob. 

These  types,  I,  K,  and  L,  have  usually  been  considered  indicative  of 
longitudinal  division,  and  they  so  ap]>ear  to  us. 


i 
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However,  some  writers,  particularly  Novy  and  Knapp(24),  have  con- 
sidered it  possible  that  division  of  Treponema  may  be  by  transverse 
fission,  and  type  M,  which  is  very  rare,  would  seem  to  be  an  example. 

• 

In  this  type  we  see  what  looks  like  one  organism  but  it  shows  a  break 
in  its  continuitv.  More  than  one  break  rarely  occurs.  Whether  these 
apparent  breaks  are  really  such,  or  are  merely  artefacts,  we  do  not  know. 
They  usually  appear  like  the  latter.  We  have  seen  the  appearance  indi- 
cated both  in  stained  preparations  and  in  pliotomicrographs,  but  not  in 
wet  specimens. 

VIABILITY. 

We  have  found  treponema  which  showed  slight  motion  and  preserved 
their  forms  in  a  capillary  tube  preparation  of  serum  made  thirty- four 
days  prior  to  the  time  of  its  examination ;  apparently  the  organisms 
were  alive  but  we  made  no  inoculations  with  them.  The  bacteria,  which 
had  been  very  numerous  in  other  preparations  made  at  the  time,  but  not 
kept  so  long,  had  so  far  as  we  could  sen;  all  died,  leaving  a  pure  culture 
of  Treponema  per  tenuis. 

Undoubted  motion  is  preserved  by  organisms  in  tube  j)reparations  for 
a  period  of  several  days,  although  it  is  always  sluggish  after  a  few  hours 
and  often  after  one  hour  or  less. 

CULTIVATIOX. 

At  the  suggestion  of  Dr.  Miyajima  we  studied  capillar}^  tube  prepara- 
tions of  the  serum  from  yaws  lesions,  in  the  hope  of  obtaining  aggluti- 
nation of  the  treponema,  as  Dr.  Miyajima  said  that  he  had  obtained  it 
in  similar  preparations  from  chancres.  Our  hopes  in  that  direction 
were  speedly  realized,  as  we  obtained  marked  clumping  in  the  first  one 
we  made.  These  tubes  were  examined  on  the  second,  third  and  fourth 
days. 

We  have  not  since  had  an  opportunity  to  discuss  tlie  matter  with  Dr. 
Miyajima,  and  therefore  are  not  quite  sure  as  to  what  he  meant  by  the 
term  "agglutination."  Jf  he  used  it  as  meaning  merely  the  aggregation 
of  already  existing  organisms  into  clumps,  we  think  that  his  statement 
was  not  sufficiently  broad,  as  it  is  our  opinion  that  the  numbers  of 
treponema  in  such  preparations  are  greatly  increased  after  one  day  to  a 
week. 

Usually,  the  increase  is  manifest  within  24  hours;  however,  at  tinu's, 
it  takes  place  more  slowly  and  may  only  become  well  marked  after  several 
days.  ITie  increase  in  numbers  and  the  clumping  are  both  almost,  but 
not  quite,  constant;  of  the  two  increase  is,  in  our  opinion,  the  more  so. 
We  obtained  a  similar  result  in  one  of  the  two  cases  of  syphilis  in  whicli 
we  made  the  same  experiment  with  serum  from  the  chancre. 

It  is  difficult  to  determine  accurately  whether  a  smear  preparation 
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containing  scattered  treponenia  lias  as  many  organisms  as  another  prep- 
aration in  which  they  are  in  clumps.  Xovy  and  Knapp,  who  describe 
agglutination  of  SpiriHum  ohenneieri  say  that  in  the  case  of  that  organ- 
ism there  is  no  increase  in  numl)er.  Counts  l>eing  out  of  the  question, 
the  ol)6erver8'  estimate  must  l>e  relied  upon.  Our  belief,  based  on  many 
examinations  of  sera  made  on  the  first,  second,  and  third  days,  etc., 
is  that  in  most  instances  Treponema  pertenuis  multiplies  greatly  when 
kept  in  the  serum  in  capillary  tubes,  and  in  some  instances  the  in- 
crease seems  to  occur  without  the  agglutination.  Our  opinion  that 
the  organisms  multiply  in  such  preparations  is  based  not  only  on  the 
greater  number  of  them  found  in  the  tube  preparations  as  compared  with 
smears  made  at  tlie  same  time,  but  also  on  the  appearanc*e  of  the  clumps 
and  the  great  preponderance  of  what  we  consider  dividing  fonns  as 
described  under  tyjxjs  I,  K  and  L.  The  nature  of  some  such  clumps 
and  dividing  forms  are  shown  in  the  accompanying  photomicrographs. 
(PI.  1,  figs.  5  and  6.) 

Exceptionally,  neitlier  multiplication  nor  agglutination  developed  in 
the  tubes,  and  the  failures,  while  infrequent,  are  somewhat  irr^ular  and 
do  not  admit  of  what  we  consider  a  thoroughly  satisfactory  explanation. 
However,  in  general  terms,  we  are  of  the  opinion  that  they  are  due  te 
one  or  l>oth  of  the  following  reasons : 

First.  Variability  in  the  immunity  of  the  yaws  patient  and  in  the 
amount  of  antilxxlies  contained  in  the  senini ;  possibly  the  variability  of 
inununity  may  even  be  local,  or  toxins  elaborated  by  bac*teria  may  be 
pres€»nt  locally  to  inhibit  the  growth.  \u  interesting  observation  which 
may  bear  on  this  iK>int  was  made  in  a  case  of  syphilis. 

Serum  from  a  chancre  was  taken  up  in  tubes  on  Monday.  The 
chancre  was  then  washed  with  bichloride  solution  and  dressed  with 
calomel.  On  Tuesday  it  was  thoroughly  cleaned  and  more  serum  placed 
in  tubes.  The  tubes  of  Monday  showed  marked  increase  and  clumping 
of  treponema,  those  of  Tuesday,  neither.  The  patient  was  not  taking 
any  general  treatment. 

Second.  Variability  in  the  l)acterial  content  of  the  tubes  and  conse- 
quently in  their  content  of  soluble  toxins. 

While  it  is  readily  possible  to  make  fresh  smear  preparations  of  yaws 
serum  wliich  show  very  few  or  no  bacteria,  it  has  not  l>een  possible,  in 
our  experience,  to  obtain  a  scrum  really  fret*  froui  thc^se  organisms,  and 
in  the  sealed  tubes  tliey  multiply  enormously.  However,  the  fact  that 
both  multiplication  and  clumping  occur  in  the  great  majority  of  tubes 
encouraged  us  in  the  idea  that  we  might  cultivate  the  treponema  indefi- 
nitely, and  as  the  favorable  medium  schemed  to  l>c  the  serum  of  sus- 
ceptiblc  pers(^)n8  or  animals,  we  endeavored  to  obtain  growth  on  monkey 
blood  and  on  ascitic  fluid  from  a  |>atient  who  was  suffering  from  cirrhosis 
of  the  liver  who  also  ;;avo  a  history  of  syphilis.     The  ascitic  fluid  was 
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used  in  two  ways,  plain  and  heated  to  60°  C.  for  thirty  minutes  to  destroy 
complement.  In  none  of  these  media  did  we  obtain  any  growth  of  the 
treponema,  although  baeteria  developed  in  all. 

However,  we  did  not  have  the  opportunity  to  repeat  these  experiments, 
and  we  are  not  convinced  tliat  cultivation  of  the  treponema  is  impossible. 

PATHOGENESIS. 

It  has  been  stated  bv  different  authors  that  vaws  is  inoculable  on  lower 
animals,  notably  cats  and  monkeys,  and  that  it  is  inoculable  from  person 
to  person.  We  have  made  no  inoculation  experiments  on  |>er8ons,  and 
none  on  lower  animals  other  than  monkeys  (Cynomolgu^  pkilippinensis 
(Jeoff.).  Of  these  we  inoculated  five,  using  serum  from  the  yaws  of 
three  different  patients.  All  five  of  the  monkeys  developed  yaws  lesions 
of  a  sufficiently  characteristic  appearance  to  permit  of  diagnosis  base<l 
on  that  feature  alone. 

In  addition  to  this  typical  appearance  we  found  Treponema  pertennui 
in  all  of  the  lesions.  The  organisms  did  not  differ  in  any  demonstrable 
way  from  those  seen  in  senim  from  human  lesions.  In  numbers,  meas- 
urements, staining  reactions,  shape  and  motion  they  were  similar. 

However,  the  monkeys  did  not  show  the  secondary  lesions  of  a 
generalized  infection,  nor  could  we,  in  the  instance  in  which  we  tried  it, 
induc^e  yaws  in  other  monkeys  by  inoculating  them  with  the  blood  or 
splenic  juice  of  an  infected  animal.  The  yaws  lesion  did  spread,  and  in 
that  way  give  rise  to  what  might  be  termed  secondary  lesions,  but  this 
was  always  bv  continuity  and  we  observed  no  evidence  to  make  us  think 
that  it  was  ever  through  a  general  bloo<l  or  lymph  infet^tion. 

BIOLOOICJAL    POSITION    OF    TREPONEMA    PERTENUI8. 

We  see  no  reason  to  doubt  that  the  biological  position  of  Treponemn 
pertenuis  is  as  close  to  that  of  Treponemn  pallidum  as  one  species  may 
be  to  another.  The  almost  overwhelming  weight  of  scientific  opinion 
at  the  present  time  seems  to  leave  the  latter  organism  where  Schaudinn 
placed  it,  among  the  Protozoa. 

However,  its  protozoal  nature  is  not  universally  accej)t(:Ki,  and  probably 
will  not  be  for  some  time  to  come.  Our  opinicm  is  that  l)oth  organisms 
are  protozoal,  but  while  so  eminent  a  zoologist  as  Stiles (25)  amced(»s  to 
others  the  right  to  regard  pnlUdum  as  of  vegetable  nature,  we  U\A  that 
we. may  safely  grant  the  same  latitude  in  respect  to  Treponema  pertenuis. 
What  we  believe  to  be  more  immediately  imf)ortant  and  more  easily 
determinable  are  the  following  projK)sitions : 

First.  That  Treponema  pertenuis  is  constantly  found  in  th(*  serum 
from  vaws  lesions. 
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Second,  That  it  (^an,  at  the  present  time,  be  differentiated  "from  Tre- 
ponema pallidum  only  by  the  consideration  of  the  lesion  from  which 
it  is  obtaine<l,  or  bv  the  inoculation  of  certain  animals. 

Third.  That  its  many  fonns  in  stained  preparations  are  all  explainable 
on  the  suppasition  that  it  is  a  regular  spiral,  often  deformed  by  the 
forces  or  processes  concerned  in  the  spreading,  drying  and  staining  of 
the  smears. 

Fourth,  l^at,  as  will  be  shown  more  fully  in  Part  II  of  this  paper, 
the  inoculation  of  serum  containing  this  organism  causes  yaws  in  mon- 
keys, and  that  the  organism  is  again  found  in  the  lesions  of  the  in- 
oculated animals. 

Fifth.  That  Treponema  pertenui^  is  the  cause  of  yaws. 

PART  II. 

TME   EXPERIMENTAL   PllODUCTIOX   OF   YAWS   IN   MONKEYS. 

Historical. — The  literature  relating  to  the  production  of  frambcesia  in  monkeys 
by  the  inoculation  of  material  from  the  lesions  of  the  disease  is  very  limited 
and  so  far  as  we  have  been  able  to  determine  Neisser,  Baerman  and  Halberstftdter. 
working  together  in  Batavia,  Java,  and  Caatellani,  in  Colombo,  Ceylon,  have  been 
the  only  investigators  to  produce  the  disease  in  these  animals.  To  Castellani 
belongs  the  credit  of  demonstrating  Treponema  pertenuis  in  the  experimental 
lesions  in  monkeys,  the  other  investigators  mentioned  not  searching  for  the 
organism,  although,  in  their  report  they  mention  Castellani's  discovery  of  a 
spirochff'ta  in  the  lesions  in  man. 

Neisser,  Baerman  and  Iialber8tadter(26)  inoculated  seven  monkeys  with  serum 
from  yaws  papules,  the  inoculation  being  made  upon  the  breast  and  over  the 
eyebrow,  by  rubbing  the  infective  material  into  small  abrasions  in  the  regions 
mentioned.  Frambcesia  developed  in  all  of  the  animals,  the  incubation  period 
varying  from  thirteen  to  fourteen  days  in  two  GibbonSj  to  96  days  in  Macaccus. 
In  the  latter,  five  in  all,  the  incubation  jHyriod  was  twenty-two,  thirty-one,  sixty- 
live,  ninety-one  and  ninety-six  days,  respectively.  So-called  secondary  lesion;* 
developed  in  three  of  the  animals,  forty,  forty-nine  and  seventy  days  after  the 
primary  lesions  had  appeared,  the  authors  stating  that  the  secondary  lesions 
always  appeared  upon  the  site  of  the  initial  one  and  extended  in  a  serpiginous 
manner  into  the  surrounding  skin.  They  did  not  observe  a  generalized  eruption  in 
any  of  the  animals.  They  also  inoculated  seven  monkeys  {Macacua  nemeatrin,  M. 
niger  and  M.  cynoniolgus)  with  material  from  yaws  papules  in  monkeys  suffering 
from  the  disease.  In  only  one  of  these  animals  (Af.  niger)  inoculated  from  a  M. 
nrmestrin,  did  the  disease  develop  after  an  incubation  period  of  thirty-four  days. 

The  authors  then  endeavored  to  produce  the  disease  in  monkeys  by  subcuta- 
neous inwulation  of  a  mixture  of  splenic  juice,  bone  marrow  and  lymph  glands 
from  a  Qibbon  sulTering  from  yaws.  They  injected  three  M.  cynoviolgusy  with 
negative  results  in  all.  Inoculation  of  three  monkeys  of  the  same  species  with 
splcnit;  pulp  and  three  with  the  lM)ne  marrow  from  an  infected  M.  cynamolgua, 
resulted  in  one  of  the  three  incK-ulated  with  lH»ne  marrow  developing  framboesia 
after  an  incubation  period  of  forty-four  days. 

These  investigators  also  demonstrated  that  monkeys  successfully  inoculated 
with  syphilis  developed  franilxi'sia  upon  inoculation.  In  one  instance  a  monkey 
{M.  niger)  was  inoculated  upon  April  17  with  syphilis  and  developed  the  primary 
syphilitic  lesion  upon  May  l.*J.     On  May  2S  the  same  monkey  was  inoi*ulated  with 
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frambawia  and  the  typical  yaws  papule  developed  at  the  site  of  inoculation  upon 
August  1.  Another  monkey  (Af.  cynomolguft)  was  inoculate<l  September  23  with 
frambcraia,  and  on  October  25  with  syphilid.  I'pon  Noveinlier  8  a  typical  yaws 
papule  appeared  at  the  site  of  inoculation,  while  on  November  15  the  characteristic 
syphilitic  lesion  appeared. 

From  their  experiments  the  authors  mentioned  draw  the  following  conclusions: 

i.  Frambcpsia  is  inoculable  from  man  to  higher  and  lower  apes. 

2.  Framboesia  is  inoculable  from  ape  to  ape. 

S.  Infection  in  monkeys  following  inoculation  of  the  )H)iie  marrow  proves  that 
frambcesia  is  a  general  and  not  a  local  disease. 

-J.  Apes  infected  with  syphilis  are  susceptible  to  framlxesia. 

Castel]ani(27)  inoculated  four  Ceylon  monkeys  (species  not  given)  with 
frambcesia.  Only  one  of  these  developed  the  disease  after  an  incubation  period 
of  nineteen  days.  A  small  papule,  which  enlarged  slowly  and  became  covered  with 
a  crust,  developed  at  the  site  of  inoculation.  Two  months  later,  the  original 
papule  being  still  present,  four  others  appeared,  two  upon  the  forehead  near 
the  first  lesion,  and  two  upon  the  upper  lip;  one  of  these  papules  disappeared  in  a 
few  days,  but  the  other  three  enlarged  slightly,  became  moist  and  a  yellowish  crust 
formed  over  each.  At  the  end  of  three  months  all  of  the  lesions  had  healed.  In 
the  scrapings  from  the  lesions,  Treponema  perfenuitt  was  demonstrated  repeatedly. 

Six  weeks  after  the  disappearance  of  the  yaws  lesions  this  monkey  was 
inoculated  with  syphilis,  and  sixteen  days  later  a  tyjucal  syphilitic  lesion  de- 
veloped, accompanied  by  general  glandular  enlargement. 

The  positive  results  obtained  by  the  investigators  whose  work  we  have 
briefly  reviewed,  led  us  to  repeat  partially  their  experiments  with  a  view 
of  determining  if  the  native  monkey  of  the  Philippines,  Cynomolgus  phiU 
ippinensis  Geoff.,  could  be  infected  with  frainl)oesia,  and  of  adding,  if 
possible,  something  to  our  knowledge  concerning  the  disease  as  observed 
in  these  animals  and  the  relation  of  Treponema  pertenuis  to  the  lesions 
produced,  by  experimental  inoculation.  While  our  observations  can  not 
be  considered  as  completed,  we  believe  the  results  so  far  obtained  are  of 
interest  and  should  be  put  upon  record.  In  the  main,  our  work  has  con- 
firmed the  results  of  the  above  mentioned  investigators  and  we  believe  we 
are  justified  in  asserting  that  frambcesia  is  easily  inoculable  from  man 
to  monkeys  and  that  Treponema  pertenuis  is  constantly  present  in  the 
active  experimental  lesions  and  stands  in  a  causal  relationship  to  them. 

Material  and  methods. — The  monkeys  used  in  our  experiments  were  all 
Cynomolgus  philippinensis  CJeoff.,  the  common  native  monkey  of  the  Philippine 
Islands.  We  have  exi>erimented  with  eleven  monkeys,  the  inm'ulations  in  such 
animals  being  both  by  the  subcutaneous  pocket  method  and  hv  vaccination,  that 
is,  nibbing  a  little  of  the  yaws  serum  into  slight  abrasions  upon  the  skin.  The 
site  of  inoculation  was  generally  the  skin  of  the  abdomen  and  forehead,  but  the 
inside  of  the  thigh  was  used  in  inoculating  with  syphilitic  serum.  The  metho<l 
by  vaccination  proved,  in  our  experience,  slightly  more  suc<'cssful  than  the  sub- 
cutaneous pocket  method,  but  it  is  probable  that  if  a  larger  nunilier  of  animals 
were  used  there  would  be  found  to  be  no  difference  in  the  results  obtained.  In 
every  instance  of  successful  inoculation,  the  slight  wounds  healiMl  rapidly  and 
the  site  of  inoculation  appeare<l  normal  until  the  development  of  the  yaws  papules 
at  periods  varying  from  sixteen  to  thirty-tivc  or  forty -five  days  after  the  in<M'ula- 
tion.  The  serum  used  in  making  the  incK-ulations  was  obtained  in  the  manner 
already  described  for  securing  smears  for  staining. 
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In  Rearchiug  for  Treponema  pertenuis  in  the  lenions  in  monkeys  the  same 
methodH  of  securing  specimens  of  the  serum  and  staining  them  were  used  as  have 
been  already  described  in  Part  I  of  this  reiKirt. 

We  also  endeavored  to  secure  cultures  of  Treponema  pertenuii  from  the  lesions 
in  monkeys,  using  metho<ls  similar  to  those  employed  in  our  endeavors  to  cultivate 
the  organism  from  human  lesions. 

Tn  considering  the  experimental  production  of  frambojsia  in  thei^e 
animals  we  were  desirous  of  investigating  many  'problems  intimately 
connected  with  the  subject,  aside  from  tlie  mere  successful  result  of  in- 
oculation, and  while  we  have  attempted  to  solve  some  of  them,  we  do  not 
feel  justified  as  yet  in  expressing  an  opinion  regarding  our  results  in 
certain  directions.  This  is  especially  true  of  our  experiments  regarding 
re-infection  and  the  local  or  general  nature  of  the  disease  as  it  is  observed 
in  monkeys  in  general,  for  our  experiments  in  these  directions  are  too 
few  to  be  of  definite  value,  although  they  are  suggestive.  The  following 
protocols  of  our  inoculations  include  those  already  completed  and  those 
in  which  it  is  too  early  as  yet  to  predict  the  result. 

PB0T0C0I>S   OF   THE   EXPERIMENTS. 

Monkey  No.  1  (3070). — This  monkey  was  inoculated  4m  February'  16,  1907, 
with  serum  from  a  typical  yaws  papule  on  a  young  Filipina  girl.  A  sub- 
cutaneous pocket  inoculation  was  made  in  the  skin  of  the  abdomen,  and  some 
of  the  senmi  was  rubbed  into  a  scarified  area  over  the  left  evebrow.  Smears 
of  the  serum,  prepared  at  the  time  the  inoculation  was  made,  showed  numerous 
examples  of  Treponema  pertenuis.  The  inoculation  wound  healed  rapidly 
and  the  animal  appeared  normal  until  March  4,  when  a  small  papule  covered 
with  a  yellowish  crust  was  noticed  at  the  point  of  the  inoculatioji  upon  the 
abdomen;  the  crust  was  removed  and  smears  made  from  the  serum  which 
exuded  from  the  minute  granulations.  An  examination  of  these  smears  demon- 
strated the  presence  of  Treponema  pertenuis  in  large  numbers.  The  period 
of  incubation  was  about  sixteen  days.  Tpon  March  8,  a  small,  crusted  papule 
had  appeared  at  the  point  of  inoculation  over  the  left  eyebrow  and  smears 
of  serum  from  this  lesion  also  showeil  Treponema  pertenuis.  Both  the  lesions 
enlarged  slowly,  especially  the  abdominal  one,  and  healing  in  the  center,  ex- 
tended in  a  circular  manner  into  the  surrounding  healthy  skin.  The  lesion 
upon  the  head  had  disappeared  by  May  14,  but  the  abdominal  lesion  persisted 
until  May  28.  Duration  of  the  disease,  eighty-two  days.  On  May  15,  this 
animal,  still  showing  a  yaws  papilloma  upon  the  abdomen,  was  inoculated 
with  serum  from  a  chancre  which  contained  numerous  Treponema  pallidum. 
A  subcutaneous  pocket  inoculation  was  made  in  the  skin  of  the  abdomen  and 
in  addition  some  of  the  serum  from  the  chancre  was  rubbed  into  an  abrasion 
upon  the  inside  of  the  left  thigh.  No  results  have  followed  these  inoculations 
to  date,  June  30,  1907. 

Monkey  So.  2  (3071).— On  February  10,  1907,  this  animal  was  inocu- 
hited  subcutaneously  on  the  abtiomen  and  through  an  abrasion  over  the  left 
eyebrow  with  serum  from  a  yaws  tulx»rcle  from  the  same  case  as  monRey 
No.  1  (3070).  On  Marcli  8,  a  small,  crusted  papule  was  observed  at  the 
site  of  inoculation  on  the  head,  which  gra<iually  enlargetl  until  it  reached  the 
size  of  a  small  hazelnut ;  a  typical,  yellowish  crust  developed,  which  upon 
removal  disclosed  the  characteristic,  pink,  granulating  surface  of  a  yaws  papil- 
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loma.  Examination  of  tlie  Rerum  from  the  lesion  demonstrated  repeatedly 
the  presence  of  Treponema  pertenuia.  The  incubation  period  in  this  case 
was  twenty  days.  The  lesion  had  entirely  disappeared  on  May  2,  thus  niakin;^ 
the  duration  of  the  disease  fifty-six  days.  On  May  16  this  animal  was  re- 
inoculated  with  yaws  serum  through  a  subcutaneous  pocket  upon  the  abdomen 
and  an  abrasion  over  the  right  eyebrow.  No  lesion  has  appeared  to  date,  June 
30,  upon  the  abdomen,  but  the  inoculation  wound  over  the  right  eyebrow  sup- 
purated and  a  deeply  e.xcavated  ulcer  resulted.  Repeated  examinations  of  the 
material  from  the  ulcer  have  always  resulted  negatively  for  Treponema  pertenuis. 

Monkey  JN'o.  3  (3072). — This  animal  was  inoculated  February  20,  1907,  with 
serum  from  a  yaws  tubercle  on  a  native  woman,  the  inoc*ulation  l)eing  made  upon 
the  abdomen  and  over  the  left  eyebrow  in  the  manner  described.  The  serum 
used  contained  many  examples  of  Treponema  pertenuis.  On  March  8  after  an 
incubation  period  of  twenty  days,  a  small,  crusted  papule  was  noticed  at  the  site 
of  inoculation  upim  both  the  abdomen  and  the  head.  Both  lesions  enlarged, 
became  covered  with  a  typical  crust,  and  the  examinations,  which  were  made 
repeatedly,  were  always  positive  for  Treponema  pertenuis.  This  monkey  did  not 
stand  close  confinement  well,  became  weaker  and  weaker,  and  was  chloroformed 
on  March  18,  ten  days  after  the  appearance  of  the  yaws  lesion.  At  autopsy  the 
viscera  appeared  normal,  but  the  cervical  and  inguinal  glands  were  slightly  en- 
larged. The  yaws  tubercle  upon  the  abdomen  measured  1  by  0.75  centimeters, 
was  considerably  raised  al)ove  the  surrounding  skin  and  covered  with»a  yellowish 
crust.  Tlie  lesion  upon  the  head  was  1.5  by  1  centimeter,  and  was  very  typical 
of  the  yaws  papilloma  as  seen  in  man.  The  pathologic  material  was  handed  to 
Dr.  H.  T.  Marshall,  pathologist  of  the  Bureau  of  Science,  for  examination. 

Monkey  No.  4  (3073)  was  inoculated  February  26,  1907.  upon  the  abdomen  and 
over  the  left  evebrow  in  the  manner  described,  with  serum  from  a  vaws  tubercle 
in  a  native  woman.  Uiwn  March  8,  twenty  days  after  inoculation,  a  typical 
yaws  papule  developed  at  the  site  of  vaccination  upon  the  head.  This  lesion 
enlarged  slightly,  became  covered  with  the  characteristic  crust,  and  the  examina- 
tion of  the  serum  from  the  granulation  tissue  revealed  u]X)n  the  removal  of  the 
crust  showed  the  presence.  re])eatedly.  of  a  few  Treponema  pertenuis.  By  Aj)ril 
16,  the  lesion  had  healed,  the  duration  of  the  disease  being  about  thirty-nine 
days.  On  May  15,  this  animal  was  inoculated  upon  the  abdomen  and  right 
thigh  with  serum  from  a  chancre  showing  many  examples  of  Treponema  pallidum. 
No  results  have  been  obtained  from  this  experiment  to  date,  June  30,  1907. 

Monkey  No.  5  (A). — This  animal  was  inoculated  April  10,  1907,  upon  the 
abdomen  and  right  eyebrow,  with  serum  from  a  yaws  tubercle  in  a  leper  woman, 
the  inoculation  upon  the  head  l>eing  subcutaneous,  upon  the  alnlomen  by  rubbing 
the  serum  into  a  slight  abrasion.  No  lesion  appeared  u])<)ii  this  monkey  until 
May  29,  when  a  well-developed  papule  alwut  1  centimeter  in  diameter  and  covered 
with  a  thick,  yellowish  crust  was  observed.  This  lesion  had  evidently  existed  for 
several  days,  so  that  the  incubation  period  is  uncertain,  probably  between  thirty- 
five  and  forty-five  days.  Upon  removal  of  the  crust  the  typical  pink,  rasj)- 
berry-like  growth  was  well  marked  and  examination  of  the  serum  from  the  lesion 
demonstrated  Treponema  pertenuis.  In  this  case  the  lesion  enlarged  but  slightly 
and  by  June  12  had  disap]>eared,  the  duration  of  the  disease  l)eing  about  two 
weeks. 

Monkey  No.  6  (3109). — This  monkey  was  intK'ulated  on  March  18  by  the 
subcutaneous  pocket  method  upcm  the  a))d<inien  and  through  an  abrasion  upon 
the  forehead,  with  blood  fnmi  the  heart  of  monkey  No.  '.i  (3072),  obtaine<l  at  the 
time  of  autopsy.     No  lesions  have  developed  in  this  animal  to  date,  June  .30,  1907. 

Monkey  No.  7   (3110). — Was  in<M'ulated  March   18.  1907,  in  the  same  manner 
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as  monkey  So.  G  (3199)  with  splenic  juice  from  monkey  No.  3  (3072)  obtained 
at  autopsy.  No  lesionH  have  developed  in  this  animal  to  date,  June  30,  1907,  but 
there  is  marked  enlargement  of  the  inguinal  lymphatic  glands. 

Monkey  No.  8  (Bill).-"  -Inoculated  as  above  with  serum  from  the  yaws  lesion 
upon  head  of  monkey  No.  3  (3072)  obtained  at  the  time  of  autopsy,  Xarch  18. 
This  animal  was  in  a  weakened  condition  from  continued  confinement  at  the  time  of 
inoculation  and  died  on  April  6,  nineteen  days  after  the  inoculation.  No  lesions 
of  yaws  had  appeared  at  the  time  of  death  and  the  autopsy  did  not  show  anythinj; 
of  interest  beyond  enlargement  of  the  spleen,  liver,  kidneys  and  the  lymphatics 
of  the  abdomen. 

Monkey  \o.  9  (B). — This  animal  was  inoculated  April  13  in  the  nuinner 
already  described  with  yaws  serum  from  a  leper  woman,  the  serum  having  been 
kept  in  a  glass  capillary  tube  for  three  days.  No  lesions  have  appeared  in  this 
monkey  to  date,  June  30,  1907. 

Monkey  Xo.  10  (C). — Inoculated  through  a  subcutaneous  pocket  upon  the 
abdomen  May  15  and  through  an  abrasion  upon  the  inside  of  left  thigh,  with 
serum  from  a  chancre,  showing  very  numerous  examples  of  Treponema  perienuut. 
No  lesions  have  appeared  to  date,  June  30,  1907. 

Monkey  No.  11  (D). — Inoculated  May  15  in  the  same  manner  as  monkey 
No.  10  (C)  with  serum  from  a  chancre  showing  the  presence  of  Treponema 
pallidum.     No  lesions  have  appeare<l  in  this  monkey  to  date,  June  30.  1907. 

The  two  latter  animals  were  used  as  controls  to  our  inoculation  of  syphilis  in 
yaws  monkeys  No.  1   (3070)  and  No.  4  (3073). 

SUMMARY. 

The  protocols  given  sliow  that,  in  all,  eleven  monkeys  have  been  used 
in  our  experimental  work.  Of  these,  five  were  inoculated  directly  with 
serum  from  human  yaws  lesions ;  one  w  ith  serum  from  a  human  lesion, 
the  serum  having  been  kept  in  a  glass  capillar}^  tube  for  three  days ;  one 
with  blood  from  the  heart  of  a  monkey  that  had  developed  yaws;  one 
with  splenic  juice  from  the  same  monkey ;  one  with  serum  from  a  yaws 
papilloma  in  a  monkey;  and  two  with  serum  from  a  primary  syphilitic 
lesion.     In  addition,  one  monkev  after  recoverv  from  vaws  waa  reinocu- 

•  •  • 

lated  with  human  vaws  serum,  and  two  after  recoverv  were  inoculated 
with  syphilis.  As  regards  results;  of  the  five  monkeys  inoculated  with 
yaws  serum  taken  immediately  from  the  human  lesions  all  de\'^eloped 
typical  yaws  tuberclc*s;  the  animal  inoculated  with  serum  from  a  yaws 
lesion  in  a  monkey  died  before  the  ])eriod  of  incubation,  as  shown  by  our 
experiments,  had  exj)irc<l ;  the  monkey  reinoculated  with  yaws  after 
recovery  has  developed  no  lesions.  Tiastly,  in  not  one  of  the  four 
monkeys  inoculated  with  syphilis  have  any  lesions  developed. 

PERIOD   OF    INCITBATIOX. 

As  will  be  stHMi  iij)()n  referring  to  the  protocols,  the  period  of*  incuba- 
tion of  yaws  in  tlie  monkeys  we  experimented  with  varied  from  sixtet^n 
to  about  fortv-five  (lavs,  but  it  should  be  understoocl  that  this  is 
only  aj)proxiinate.  as  owing  to  the  distance  of  the  location  of  the  animals 
from  us  and  })res8ure  of  work,  the  animals  were  not  inspected  every  day 
and  thus  the  lesions  may  have  existed   a  short  time  before  they  were 
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noticed.  However,  the  limit  of  error  in  this  respect  is  small  and  of  no 
practical  importance.  The  approximate  period  of  incubation  in  our  five 
successful  inoculations  was  as  follows : 

Days. 
Monkey  No.  1   (3070) 16 

Monkey  No.  2  (3071)- 20 

Monkey  No.  3  (3072) 20 

Monkey  No.  4  (3073) 20 

Monkey  No.  5  (A) 35  to  45 

In  the  case  of  monkey  No.  5  (A),  the  yaws  lesion,  when  first  noticed, 
was  about  the  size  of  a  small  pea  and  had  obviously  been  present  for  a 
number  of  days. 

Comparing  our  results  with  these  of  Neisser,  Baermann  and  Hal- 
berstadter(28),  it  is  noticeable  that  in  our  monkeys  the  period  of  incuba- 
tion was  much  shorter,  as  a  rule,  although  the  same  low  type  of  animal 
was  used.  Indeed,  the  incubation  period  of  yaws  in  Cynomolgus  phil- 
ippinensis  Geoff.,  approaches  more  nearly  that  in  Gibbons,  as  is  shown 
by  the  investigators  mentioned.  Thus,  in  the  lower  types  of  monkeys  used 
by  them,  the  incubation  period  in  five  animals  was  found  to  be  twenty-two, 
thirty-one,  sixty-five,  ninety-one  and  ninety-six  days  respectively,  while 
in  Qnly  one  of  our  five  animals  did  it  probably  exceed  twenty  days.  If  we 
add  to  this  result  the  probability  that  the  lesions  in  all  of  our  cases  may 
have  existed  for  a  day  or  two  before  they  were  noticed,  thus  shortening 
the  period  of  incubation  still  further,  the  difference  in  our  results  and 
those  in  the  German  commission  becomes  more  noticeable.  The  regula- 
rity of  the  period  in  our  animals  is  also  Worthy  of  notice,  four  of  them 
developing  the  disease  between  the  fifteenth  and  twentieth  day  after 
inoculation. 

Duration  of  the  disease. — In  the  five  monkeys  in  which  we  produced 
f ramboesia  bv  inoculation  the  duration  of  the  lesion  was  as  follows : 

Monkey  No.  1  (3070),  eighty-four  days;  No.  2  (3071),  fifty-seven  days;  No.  3 
(3072),  ten  days  (this  animal  was  chloroformed  while  the  lesions  were  still 
active)  ;  No.  4  (3073),  thirty-nine  days;  No.  5  (A),  fourteen  to  twenty-one  days. 

It  was  invariably  our  experience  that  in  the  more  severe  cases  the 
primary  lesion  tended  to  spread  into  the  surrounding  skin,  and  the  more 
marked  this  tendency  was,  the  longer  the  disease  lasted.  We  failed  to 
observe  any  general  glandular  enlargement  or  any  symptoms  pointing  to 
a  general  infection. 

The  lesions  of  frarnbcesia  as  ohserrcd  in  tnunl'cys. — The  lesions  pro- 
duced by  the  experimental  inoculation  or  frambcesia  in  monkeys  do  not 
differ  essentially,  in  their  morphology,  from  those  occuring  in  the  disease 
in  man,  but  we  have  never  observed  the  secondary  or  generalized  erup- 
tion, which,  according  to  most  authors,  follows  the  primary  lesion  in 
the  human  subject.  Neisser,  Baermann  and  Ifalberstadter  regard  as 
secondary  eruptions  the  extension  of  the  infection  from  the  site  of  the 
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original  lesion  and  in  one  of  our  animals.  Monkey  No.  1  (3070),  such 
an  extension  occurred.  However,  we  do  not  believe  the  new  lesions  so 
produced  to  constitute  a  secondary  eruption,  but  simply  to  be  an  invasion 
of  the  contiguous  healthy  tissue  by  the  organism  causing  the  disease; 
that  is,  the  treponema.  Castellani  appears  to  have  secured  true  second- 
ary lesions  situated  at  a  distance  from  the  original  papule  in  his  onfe 
successful  inoculation,  and  in  this  case  a  general  infection  might  be 
supposed  to  exist. 

The  evidence  obtained  from  our  experiments  would  appear  to  indicate 
that  experimental  framboesia  in  the  monkey,  at  least  in  CynomiolgiLS 
philippinensis  Geoff.,  is  a  purely  local  infection  which  readily  heals  after 
a  period  of  time  varying  from  a  few  days  to  several  weeks.  As  we  have 
stated,  a  few  days  after  inoculation,  the  wounds  had  completely  healed, 
although  when  the  infection  was  conveyed  by  means  of  a  subcutaneous 
pocket  a  slight  thickening  about  the  site  of  inoculation  persisted  for  a 
short  time,  finally  disappearing  before  the  appearance  of  the  yaws  papule. 

In  all  of  our  animals  the  yaws  lesion  appeared  at  the  site  of  inocula- 
tion and  when  first  diagnosed  consisted  of  a  small  papule,  very  slightly 
elevated  above  the  surrounding  skin  and  covered  with  a  yellowish  cap 
or  crust.  The  papules  varied  in  size  from  that  of  a  large  pin's  head  to 
a  small  pea.  The  epidermis  had  been  replaced  by  the  yellowish  crust, 
which  upon  removal  revealed  a  moist  surface  composed  of  minute,  closely 
aggregated,  but  separate,  pinkish  points,  from  which  a  thin,  slightly 
milky  fluid  exuded. 

The  initial  papule  gradually  enlarged,  became  in  most  instances  eleva- 
ted, and  the  crust,  formed  of  the  exuded  serum,  became  thicker  and  more 
noticeable.  Tlie  lesions  were  circular  in  form  and  firm  upon  pressure. 
Even  when  fully  developed  they  were  not  greatly  elevated,  as  is  so  fre- 
quently the  ease  in  human  yaws  tubercles,  and  in  only  one  of  our  animals 
did  they  project  markedly  above  the  surrounding  surface.  While  the 
crust  covering  them  was  always  more  or  less  ele\"ated,  it  would  almost 
invariably  be  found  upon  its  removal  that  the  granulating  surface  was 
but  slightly  raised,  although  very  distinctly  demarcated  from  the  healthy 
skin  surrounding  it. 

The  crust  covering  the  fully  developed  yaws  lesion  in  the  monkey  was 
perfectly  characteristic  of  that  over  similar  lesions  in  man,  varying  in 
thickness,  easily  removed,  and  yellowish-brown  in  color,  sometimes 
streaked  witli  red  dish- brown  due  to  admixtures  with  blood. 

The  surface  of  the  fully  developed  yaws  papule  in  tlie  monkey,  after 
the  removal  of  the  crust,  was  typical  of  that  observed  in  human  lesions. 
The  color  varied  from  a  light  pink  to  a  bright  red,  and  a  colorless  or 
slightly  whitish  serum  oozcmI  from  the  rjiw  surface  which  consisted  of 
minute,  clos(4y  aggregated  papillae,  situated  upon  a  slightly  raised  base 
and  surrounded  by  apparently  liealtliy  skin.  In  some  of  our  animals 
the  typical  "raspberry"  appearance,  so  characteristic  of  the  human  yaws 
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tubercle,  was  well  illustrated.  When  fully  developed  the  papules  aver- 
aged 1  centimeter  in  diameter.  In  one  of  our  animals,  Monkey  No.  1 
(3070),  the  lesion  both  upon  the  head  and  tlie  abdomen  was  typical  of 
that  variety  of  the  disease  described  by  Piercz(29),  8cheube(30),  Man- 
son  (31)  and  others  as  "ringworm  yaws.'^  The  first  lesion  appeared 
upon  the  abdomen  and  presented  the  appearance  already  described. 
Affer  a  few  days  it  was  observed  that  in  both  tlie  abdominal  lesion  and 
that  which  had  meanwhile  appeared  on  the  head,  healing  was  occurring 
at  the  center  while  the  edges  were  covered  with  an  elevated  crust.  At 
this  time  the  lesion  resembled  a  ringworm  infection  so  closely  that  we 
made  an  examination  for  the  fungus,  with  negative  results. 

The  lesion  upon  the  head,  when  fully  developed,  measured  about  2 
centimeters  in  diameter  and  consisted  of  a  perfect  ring  of  raised,  gran- 
ulating tissue  covered  with  the  characteristic  yellowish  crust,  and  in- 
closing the  original  site  of  the  yaws  papule,  which  had  healed  without 
scar  formation  and  but  little  pigmentation.  Removal  of  the  crust  dis- 
closed the  usual  moist,  pink  suilace  and  an  examination  of  the  serum 
exuding  from  it  demonstrated  the  presence  of  Treponema  pertetiuis  in 
large  numbers.  A  slight  extension  of  this  lesion  occurred  in  the  form 
of  a  small,  characteristic  papule  developing  at  its  lower  portion  and 
slightly  involving  the  eyelid. 

The  abdominal  lesion  enlarged  rapidly  and  for  some  time  presented 
the  appearance  of  a  large  yaws  tubercle,  markedly  elevated  and  covered 
with  a  mammillated  yellow  crust.  Healing  began  at  the  center  of  the 
tubercle  and  soon  a  typical,  "ring\vorm"  appearance  was  assumed  but 
here  a  very  c^onsiderable  invasion  of  the  surrounding  skin  occurred,  new 
papules  appeared  at  the  periphery  of  the  original  lesion,  so  that  eventually 
nearly  one-half  of  the  surface  of  the  abdomen  was  involved  in  the  process. 
The  new  lesions  were  easilv  demonstrated  to  be  extensions,  in  direct  con- 
tinuity  with  preexisting  ones  and  sound  skin  was  never  found  separating 
these  lesions  while  in  the  active  stage.  Their  })rogress  answered  perfectly 
to  the  so-called  secondai^  lesions  described  by  Xeisser,  Baermann  and 
Halberstadter,  but  as  we  have  stated,  we  can  not  regard  them  as  an 
evidence  of  a  general  infection  and  therefore  as  "secondary"  in  the  sense 
in  which  the  term  is  used  in  connection  with  syphilis. 

After  persisting  for  a  var}'ing  period  of  time,  the  lesions  of  framboesia 
heal  in  the  same  manner  as  those  occurring  in  man,  the  hypertrophied 
papillae  atrophy,  the  crust  covering  the  papilloma  shrivels  up  and  falls 
off,  and  a  slightly  discolored,  but  aj)parently  sound  area  of  skin,  devoid 
of  hair,  marks  their  former  site.  After  a  few  days  the  hair  again  grows 
and  it  becomes  practically  impossible  to  discover  the  point  of  the  in- 
oculation. As  it  is  now  nearly  three  months  since  our  animals  have 
recovered  from  the  infection,  and  as  we  have  seen  no  evidence  of  a  gen- 
eralized secondary  eruption,  we  believe  we  are  justified  in  asserting  that 
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in  the  species  of  monkey  we  used,  a  general  eruption  of  yaws  do^  not 
occur  after  experimental  inoculation.  While  the  lesions  of  framboesia 
are  undoubtedly  modified  somewhat  in  tlie  monkeys  of  the  low  type 
used  in  our  work,  they  are  yet  so  characteristic  that  we  believe,  from 
their  appearance  alone,  a  clinical  diagnosis  could  be  made  even  in 
the  mildest  case  of  infection  we  have  observed,  while  in  the  more  severe 
infections,  such  as  Monkey  No.  1  (3070),  the  nature  of  the  lesion  was 
apparent  at  a  glance.  It  is  probable  that  if  higher  species  of  apes  were 
used,  the  lesions  would  be  much  more  pronounced  and  a  generalized 
eruption  of  yaws  tubercles  might  occur. 

Examination  for  Treponema  pertenuis. — We  have  examined  the  lesions 
in  all  of  our  sucessfully  inoculated  animals  for  Treponema  pertenuis  and 
have  repeatedly  demonstrated  its  presence  in  every  case,  without  any  spe- 
cial difficulty.  The  organisms  occurred  usually  in  the  very  earliest  stage 
of  growth  of  the  yaws  papule  and  persisted  until  the  lesion  had  nearly 
healed,  being  most  numerous  during  the  active  growth  of  the  papule  and 
decreasing  in  number  as  the  healing  process  advanced.  As  we  have  stated, 
the  treponema  occurring  in  the  lesions  in  monkeys  did  not  differ  in  any 
particular  from  the  ones  found  in  the  serum  from  the  lesions  in  man. 
In  most  instances  no  other  spirochaetai  were  observed  in  the  preparation, 
although,  in  one  or  two  cases,  organisms  corresponding  to  the  type 
of  S,  refrigens  were  observed,  but  these  were  very  rare.  As  in  man, 
the  lesions  covered  with  crust  showed  the  treponema  unmixed  with  other 
spirochaetae,  while  in  those  in  which  the  crust  had  been  removed,  for 
instance  by  scratching,  thus  allowing  secondar}'  infections  to  occur, 
organisms  corresponding  to  the  types  described  by  Castellani  were  infre- 
quently observed. 

Serum  from  the  lesions  in  some  of  our  inoculated  animals  was  col- 
lected in  capillar}^  tubes  and  kept  for  varying  periods  of  time.  Apparent 
multiplication  of  Treponema  pertenuis  occurred  in  some,  and  the  organ- 
isms remained  motile  for  several  davs.  In  the  material  so  collected  the 
organisms  occurred  singly,  in  pairs,  or  in  clumps.  Agglutination  and 
apparent  longitudinal  division  were  also  observed,  in  the  serum  from  the: 
lesions  in  these  animals. 

We  consider  the  constant  presence  of  Treponema  pertenuis  in  the  ex- 


perimental lesions  of  yaws  in  monkeys,  produced  by  the  inoculation  fron "  -   i 

the  lesions  in  man,  of  serum  containing  them  and  their  absence  ii  -i 

other  conditions,  to  be  conclusive  proof  of  their  etiological  relationshii 
to  framboesia.     If  we  add  to  this  the  fact  that  as  the  lesions  heal,  th^ 
treponema  gradually  disappear  and  the  further  fact,  as  proved  by  tl 
case  of  Monkey  No.  2  (3071),  that  the  organisms  can  not  be  found 
pyogenic  ulci^rations  even  when  inoculated,  unless  framboesia  be  induce 
it  appears  to  us  that  the  evidence  is  complete.     Treponema  pertenuis    i  ^^ 
found  foiij^tjintly  and  only  in  the  lesions  of  framboesia,  whether  they  a^r^^ 
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natural,  as  in  human  infection,  or  experimental,  as  in  the  infix»tion  of 
animals. 

Reinfection. — In  only  one  instance  [Monkey  No.  2  (3071)]  have  we 
attempted  to  reinfect  a  monkey  that  had  recovered  from  fnvmbtvsia,  juul 
in  this  animal  the  reinociilation  of  human  yaws  serum  R^ulttnl  nop\- 
tively. 

Inoculation  from  monkey  to  monkey, — In  one  instjuuv  [Monkey  No. 
8  (3111)]  we  attempted  to  inoculate  a  monkey  with  the  st»rum  fR)m  a 
well-marked  lesion  occurring  in  another  animal  of  the  .^uue  specii^s,  but 
unfortunately  the  inoculated  animal  died  in  ninetAX^n  days,  before  the 
probable  period  of  incubation  had  expired.  In  view  of  the  results  of 
Neisser,  Baermann  and  Halberstadter,  who  obtained  only  one  suc(»t»8sful 
result  from  the  inoculation  of  seven  monkeys  with  the  serum  of  infectetl 
animals,  it  is  obvious  that  no  conclusions  can  bo  drawn  from  our  single 
experiment. 

Inoculation  of  blood  and  splenic  pulp, — In  order  to  determine  whether 
framboesia,  as  observed  in  infected  animals,  is  a  general  or  local  disetvse 
we  inoculated  one  monkey  [No.  G  (3109)]  with  blood  from  the  heart 
of  an  animal  infected  with  yaws,  and  another  [No.  7  (3110)  |  with 
splenic  pulp  from  the  same  animal.  No  results  followed  thew*  iiUH*- 
ulations,  but  we  do  not  consider  that  the  experiments  prove  anything 
as  Neisser,  Baermann  and  Halberstadter  obtained  only  nc'gativc;  resulU 
in  six  monkeys  inoculated  with  splenic  pulp  and  with  a  mix  tun?  of 
splenic  juice,  bone  marrow  and  mesenteric  glands  and  only  one  |M)Hitive 
result  in  three  animals  inoculated  with  bone  marrow.  We  did  not  at- 
tempt the  inoculation  of  bone  marrow,  but  in  view  of  the;  fm:t,  that  of 
the  nine  animals  injc»cted  by  the  investigators  mcntioru'd,  the  only 
positive  result  was  obtained  by  the  inoculation  of  this  sul)Hinn(;(%  wc^  Uh^ 
that  our  negative  result  with  the  blood  and  splenic  pulp  (lo<?rt  not  juHlify 
us  in  drawing  a  definite  conclusion  as  to  the  production  of  the  (jiw-ane  in 
this  manner. 

Inoculation  of  yaws  and  syphilis, — Both  (Ja8U>»llani(3!^)  and  Nei^wer 
and  his  co-workers  appear  to  have  proved  concluHivfly  that  rnonkeyn 
which  have  recovered  from  yaws  are  susceptible  to  syphiliH.  We  havn 
endeavored  to  repeat  their  exjierimentfi,  but  have  faih'd  U)  iinMJuce 
syphilis  either  in  monkeys  which  have  rwov**rerj  from  yiiwn  or  ifi  lli(m<« 
that  have  never  suffered  from  the  (Wmrdi^t. 

As  shown  in  the  protrKrr>l«  of  our  *'X|M;rinientM,  we  ino<!uliih»4|  two 
animals,  Monkey  No.  1  (3070;  and  Monkey  No.  1  (3073;,  liolh  of 
which  had  recovered  from  weii-mark^'^I  vawi-  U-h^utu^.,  wifli  nrrufn  from 
a  chancre  containing  at  the  time  of  \uffi'M\iiUtfU  rmrfMrroiiM  ^'namph'H  of 
Treponema  pallidum.  As  controi^j  w>  \uft*M\HUt\  two  healthy  iMiimiiU 
with  serum  from  the  same  caiie.  .\t  the  \tT*^*ul  tim<%  two  monllm  iifO'i 
inoculation,   none  of   th*-?^*;    monk*-}-    h;j-    '!<'%<!o|;<d    i-vphihlM     |i't«M»n«, 
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proved  by  the  presence  of  the  Spirochoeta  pertenuis  in  the  spleen  and  lymphatic 
glands. 

"2,  Material  obtained  from  persons  suffering  from  yaws  and  apparently  con- 
taining 8piroch{Bia  pertenuis  only  is  infective  to  monkeys. 

"3,  When  the  Spirochceta  pertenuis  has  been  removed  from  this  material  by 
filtration,  the  latter  becomes  inert. 

"4.  The  inoculation  of  blood  from  the  general  circulation  and  blood  taken 
from  the  spleen  of  yaws  patients  into  monkeys  may  give  positive  results. 

"5,  The  inoculation  of  the  cerebro-spinal  fluid  of  yaws  patients  gives  n^ative 
results. 

'*6.  Monkeys  successfully  inoculated  with  yaws  do  not  become  immune  for 
syphilis. 

^'7.  Monkeys  successfully  inoculated  with  syphilis  do  not  become  immune  for 
vaws. 

"8.  By  means  of  the  Bordet-Gengou  reaction  it  is  possible  to  detect  specific 
yaws  antibodies  and  antigen. 

"9.  Yaws  antibodies  and  antigen  are  entirely  different  from  syphilitic  anti- 
bodies and  antigen. 

"10.  The  presence  of  the  Spirochwta  pertenuis  in  monkeys  experimentally  in- 
oculated, as  well  as  in  yaws  patients,  is  practically  constant  in  the  unbroken 
eruptive  lesions ;  the  Spirochceta  is  frequently  present  in  the  spleen  and  lymphatic 
glands. 

"11.  Yaws  is  generally  conveyed  by  actual  contact,  but  under  certain  circum- 
stances it  may  be  conveyed  by  flies  and  possibly  by  other  insects." 
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ILLUSTRATIONS. 


Plate  I. 


K'lo.  1.  T.  pcrtenuis  from  human  yawn  lesion.     1   X   li)00  (approximate). 
2.  T.  ppi  tenuis  frcmi  human  yawn  lo«ion.     1   X   1.100  (approximate). 
.3.  T.  prrtenuis  from  human  yaws  lesion.     1   X   1^)00  (approximate). 
4.  T.  pertenuiM  from  human  yaws  lesion.     1   X   1200  (approximate). 
o.  T.  pertetinift  from  eapillaiy  tul)e  eulture,  showing;  a^lutination  and  prob- 
able  lonj^itudinal   division.     1    X    1200    (approximate).     Note  compar- 
ative size  of  treponema  and  eoeei. 
fi.  Same.     1  X  1500. 

Platr  II. 

l^'io.  7.  T.  pertenuis  from  capillary  tul)e  culture,  showinj^  agglutination  and  prob- 
able longitudinal  division.  1  X  loOO  (approximate).  Note  compar- 
ative size  of  treponema  and  cocci. 

8.  T.  pertenuis  from  inoculated  yaws  in  monkey.     1  X  300  (ap])roximate). 

9.  T.  pertenuis  fiH)m  inoculated  yaws  in  nnrnkey.     1   X  1500  (approximate). 

10.  T.  pallidum  from  human  syphilis.     1   X   loOO  (approximate). 

11.  T.   pertenuis  in   degenerated  area   of  epithelium   of   human   yaws   lesion. 

Levaditi  method. 

Plate  111. 

FifiR.   12-15.  Examples  of  yaws  lesions  as  seen  in  Filipinos. 

Plate  IV. 

Diagrammatic  illustration  of  types  exhibited  by  T.  pertenuis  in  stained  prepa- 
nitions. 
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YAWS:  A  HISTOLOGIC  STUDY. 


By  Harby  T.  Marshall. 
{From  the  Biological  Laboratory ^  Bureau  of  licienve.) 


Doctors  Ashburn  and  Craig  kindly  turned  over  to  nie  the  tissues  from 
the  eases  discussed  in  the  preceding  paper,  for  study.  Tlie  tissues  exam- 
ined consisted  (1)  of  an  early  yaws  papule  removed  from  a  patient 
suffering  with  leprosy  and  yaws,  and  (2)  of  ulcerating  yaws  nodules 
from  a  monkey  inoculated  from  a  patient  seen  near  Manila.       ■ 

As  the  photographs  illustrate,  the  lesions  in  the  two  cases  are  essen- 
tially alike  and  a  single  description  suffices  for  them. 

Sections  through  the  papule  and  ulcers  were  fixed  in  Zenker's  fluid 
immediately  after  removal  and  were  treated  with  the  ordinary  stains. 
Hjematoxylin  and  eosin  gave  the  clearest  pictures.  The  sections  show 
(a)  regressive,  (b)  vascular  and  exudative,  and  (c)  regenerative  changes. 
The  regressive  ones  are  confined  to  the  epithelial  structures;  the  exudative 
are  most  marked  immediately  beneath  the  epithelium;  the  regenerative 
changes  are  evidenced  as  atypical  epithelial  formations  and  by  the  pres- 
ence of  a  few  epithelioid  connective  tissue  cells. 

(a)  The  degenerative  changes  are  confined  to  the  epithelial  structures, 
including  surface  epithcHum,  epithelial  downgrowths,  hair  follick^s,  seba- 
ceous and  sweat  glands.  There  is  at  first  an  increase  in  the  thickness 
of  the  epithelium  affecting  chiefly  the  polyhedral  cells,  with  blurring  of 
the  outlines  between  the  separate  layers  and  disappearance  of  the  pig- 
ment layer.  The  horny  layer  is  thrown  off  and  the  epithelium  appears 
as  a  greatly  thickened  structure,  made  up  of  large,  swollen,  cloudy,  vacu- 
lated  cells,  with  swollen,  pale  nuclei,  showing  irregular  dots  of  chromatiu. 
The  columnar  cell  layer  is  the  only  one  that  is  well  preserved.  Where 
the  disease  is  more  advanced,  the  surface  layers  have  bwn  thrown  off, 
exposing  either  the  columnar  layer  of  cells  or  the  subjacent  coriuin. 
The  ulcer  is  coated  in  places  with  a  crust  of  necrotic  material,  leucocytes, 
etc.  (See  PI.  I,  fig.  1,  a,  h,  c,  c.)  Similar  changes  appear  in  the 
epithelial  downgrowths,  the  hair  follicles,  and  to  a  lesser  extent  in  the 
sweat  glands;  the  centrally  placed  epithelial  cells  being  swollen,  very 
cloudy,  vacuolated,  and  often  replaced  by  cavities  containing  a  few  leuco- 
cytes and  a  small  amount  of  granular  debris,  while  the  peripheral  one 

or  two  rows  of  cells  preserve  fairly  well  their  columnar  shape,  alignment, 
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and  staining  properties.  (See  Pis.  I  and  II,  figs.  1  c;  2  h;  3.)  Cross 
sections  through  an  epithelial  downgrowth  or  hair  follicle  with  central 
softening,  may  be  slightly  suggestive  of  the  "pearls"  of  epithelioma. 
(See  Pis.  I  and  III,  figs.  1  e;  2  c;  4.)  Charlouis,  IJnna,  and  others  note 
especially  that  the  hair  follicles  and  hair  shafts  are  unaffected,  but  this 
does  not  hold  true  of  the  nodules  now  under  consideration.  The  sections 
from  the  human  case  did  not  pass  through  any  hair  follicles,  but  in  the 
sections  from  monkeys,  hair  follicles  are  abundant  and  tlie  outer  root 
sheath  shows  exactly  the  same  necrotic  changes  as  are  met  with  in  the 
other  epithelial  structures.  The  sweat  glands  and  sebaceous  glands  are 
altered  less  than  the  hair  follicles  and  downgrowths. 

(b)  The  vascular  and  exudative  changes  are  marked  in  the  corium, 
and  extend  only  a  short  distance  into  the  heavier  strands  of  subcutaneous 
tissue.  There  is  a  very  great  dilatation  of  the  capillaries  extending  to  the 
under  surface  of  epithelium.  Many  capillaries  are  empty,  others  contain 
polymorphonuclears,  eosinophiles  and  a  few  mononuclears,  while  others 
are  full  of  erythrocytes.  At  first  sight  it  appears  as  if  most  of  the 
erythrocytes  are  free  in  the  tissue,  but  in  my  sections  I  have  been  able 
to  make  out  a  limiting  capillary  wall  in  most  cases  and  find  only  small 
extravasations.  The  corium  is  markedly  oedematous,  the  oedema  ex- 
tending into  the  epithelium  and  for  a  slight  distance  into  the  sub- 
cutaneous tissue.  The  early  yaws  papule  contains  many  leucocytes  and 
the  ulcerating  nodule  is  packed  with  them.  A  few  polymorphonuclears 
are  found  in  the  epithelial  structures,  while  the  downgrowths  and  other 
degenerating  parts  are  surrounded  with  collections  of  polymorphonu- 
clears, large  and  small  mononuclears,  many  of  which  are  plasma  cells, 
with  occasional  eosinophiles.  A  few  Ijmphocytes  are  found  and  only  a 
small  number  of  extravasated  erythrocytes.  The  eosinophiles  have  poly- 
morphous nuclei.  The  leucocytes  are  also  found  both  within  capillaries 
and  surrounding  them,  and  it  is  most  probable  that  they  have  arrived 
by  way  of  the  blood  vessels  and  have  wandered  out  from  them.  The 
distribution  of  eosinophiles  is  interesting.  At  the  edge  of  the  nodule, 
beyond  the  line  of  epithelial  degeneration  and  at  a  point  where  the 
oedema  and  leucocytic  infiltration  is  not  very  great,  the  number  of 
eosinophiles  is  both  relatively  and  absolutely  greater  than  it  is  beneath 
the  center  of  the  lesion  where  the  infiltration  is  denser.  The  eosinophiles 
vary  from  9  to  35  in  one  field  of  the  microscope  (Zeiss  DD  objective. 
No.  3  eyepiece).  They  are  scattered  diffusely,  but  occur  in  greater 
numbers  around  and  in  the  dilated  capillaries.  (For  exudative  changes 
sec  Pis.  I  and  II,  figs.  1,  2,  3.)  At  no  point  is  there  any  e^^dence  of 
the  perivascular  infiltration  with  mononuclears,  which  is  so  characteristic 
of  syphilis. 

(c)  Kegenerative  changes.     I'here  is  indication  of  slight  new  forina- 
iion  of  capillaries  in  the  corium  and  of  a  minor  degree  of  connective  tissue 
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new  gro^i;li,  but  the  most  obvious  changes  occur  in  the  epithelium.  At 
the  edges  of  the  ulcer  there  is  a  marked  increase  in  the  thickness  of 
epithelium  and  a  striking  increase  in  the  number  and  size  of  the  epithe- 
lial downgrowths.  Irregularities  and  distortions  in  the  epithelial  down- 
growths  are  also  sec^n  beneath  the  surface  of  the  ulcer,  from  which  the 
epithelial  covering  has  been  lost.  (See  PI.  I,  figs.  1  d;  2.)  It  is 
evident  that,  while  new  growth  of  e])ithelium  is  occurring  from  the 
columnar  lay(T,  degenerative  changes  art*  taking  place  in  the  older,  more 
centrally  placed  portions  of  the  epithelial  downgrowths.  (See  Pis.  I, 
II,  and  III,  figs.  1  e;  \\  a;  4.) 

Tissues  from  these  cases  were  treated  by  the  method  of  Levaditi, 
with  negative  results,  Init  through  the  courtesy  of  Drs.  Ashburn  and 
C^raig  I  have  had  an  opportunity  to  examine  a  successful  silver  stain  of 
a  yaws  papule  prej)ared  in  Washington,  from  tissue  obtained  in  the 
Philippines.  In  this  section  enormous  nund)ers  of  spirochaetae  are  found 
in  the  degenerating  central  parts  of  the  epithelial  downgrowths.  The 
spirocha?ta}  ai'e  free  in  the  necrotic  material  resulting  from  breaking  down 
of  epithelial  cells.  None  were  found  within  cells,  within  nuclei,  nor  in 
any  part  of  the  corium. 

SU^IMAUV    OF    F1N1)IN(JS. 

We  may  conclude  from  a  study  of  thesi*  sjHximens,  that  we  are  dealing 
with  a  primary  degenerative  change  re8end)ling  colliquative  necrosis, 
affecting  the  epithelial  structures  and  causeii  by  spirochaeta?,  which  are 
very  abundant  in  the  UK-rotic  material,  at  least  at  s<^me  stage  of  the 
disease.  The  degeneration  leads  to  ulcer  formation.  Following  the 
degeneration  there  is  irregular,  new  fonnation  of  epitlielium  in  the 
form  of  downgrowths,  which  in  turn  often  degenerate.  Accompanying 
these  changes  vascular  dilatation,  anlema  and  leucocytic  infiltration  occur 
in  the  corium,  with  a  minor  degree  of  new  formation  of  capillaries  and 
connective  tissue.  There  is  no  endarteritis,  nor  are  there  any  other 
changes  suggestive  of  sy])hilis.  The  majority  of  the  infiltrating  cells 
are  polymorj)honuclears  at  an  early  stage  of  the  lesion,  while  mononu- 
clears, many  of  which  are  of  the  plasma  cell  type,  are  almost  equally 
abundant.  In  the  tissue  from  the  human  l)eing  the  plasma  cells  out- 
nundx»r  the  i)olymorph()nuclears.  Polymorphonuclear  eosinoj)hiles  are 
abundant  and  have  a  peculiar  distribution. 

The  changes  are  (sscntially  the  same  in  lesions  from  monkeys  and 
human  beings. 

The  histological  characteristics  of  the  yaws  nodules  have  Ixvn  studie<l 
by  (liarlouis,  Tnna,  (Jlogner,  Plehn  and  others. 

Chai'louis  {\'i('rl('ljnhnss<hrift  {Arrhir)  f.  Dvrmatohniiv  uml  Sifphilis  (1881). 
431,  quoted  by  I'nna  ami  otlierwi  (lescrilx's  particularly  the  epithelial  over- 
gi'owtli    aiul    tlie    Jeii<*(K*ytic    infiltration,    the    hair    follicles    escaping;,    while    the 
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sebaceous  glands  are  enlarged.  Glogner  (Virchow's  Archiv.  (1902),  168,  443) 
notes  in  addition  a  reduction  in  the  connective  and  elastic  tissue  fibrils  in  the 
large  nodules,  and  the  occurrence  of  occasional  pigment  cells  and  free  erythro- 
cytes in  the  tissues.  He  did  not  find  plasma  cells  but  found  mast  cells  and  a 
few  giant  cells.  He  also  encountered  a  lymphocytosis  in  the  blood  of  30  to  50 
per  cent  of  the  patients.  Plehn  ( Mense,  Handbuch  der  Tropenkrankheiten  ( 1 906 ) , 
2,  60)  states  that  the  hair  follicles  and  sweat  glands  are  unaffected,  that  the 
cutis  is  infiltrated  with  cells,  chiefly  plasma  cells,  and  that  the  nodule  presents 
the  liistologic  picture  of  a  granuloma,  which  can  be  distinguished  from  syphilis 
( 1 )  by  the  fact  that  in  yaws  the  primary  affection  is  in  the  epithelium,  in 
syphilis  it  is  in  the  cutis,  (2)  in  yaws  the  oedema  is  greater  and  there  is  no 
periarteritis  nor  endarteritis,  (3)  the  infiltrating  cells  are  of  a  different  char- 
acter in  yaws,  and  there  are  no  signs  of  necrosis  in  this  disease.  He  found  no 
giant  cells.- 

The  most  detailed  description  is  that  given  by  Unna.  {Die  Hiatopatkologie 
der  Hautkrankheiien.  Orth*s  Pathologische  Anatomic,  Berlin  (1894),  Ergftn- 
zungsband  2,  503.)  He  quotes  Pontoppidan  {Yaws  und  Framhoesia  (1882),  201 ) 
as  stating  that  the  primary  seat  of  the  affection  is  in  the  prickle  cell  layer  of 
the  epithelium.  Unna's  description  is  based  upon  the  study  of  a  large,  full- 
grown  dry  yaws  nodule.  The  nodule  rose  abruptly  from  the  level  of  the  skin. 
The  epithelial  overgrowth  began  at  the  border  and  rapidly  increased  in  extent 
within  the  limits  of  the  nodule.  The  papillae  were  not  more  numerous,  but 
were  ten  or  twenty  times  as  long  as  usual.  There  was  marked  hyperkeratosis 
with  accumulations  of  a  many-layered,  horny  covering.  Acanthosis  led  here,  as 
in  condyloma,  to  the  formation  of  prickle  cell  masses,  principally  as  interpapillar^' 
projections,  while  the  superficial  layer  of  prickle  cells  was  reduced,  and  occasional, 
minute  hsBmorrhages  escaped  through  into  the  crust  above.  Epithelial  mitoses 
were  infrequent.  At  the  periphery,  the  granular  layer  was  reduced,  with  crust 
formation  from  fibrin  and  leucocytes,  at  other  places  the  granular  layer  was 
increased  in  thickness.  Fibrin  and  leucocytes  were  found  also  between  the 
deeper  epithelial  cells.  The  chief  change  in  the  cutis  was  a  solid,  cellular  infiltra- 
tion consisting  chiefly  of  beautiful,  large  plasma  cells.  These  surrounded  like  a 
mantle  the  epithelial  projections  and  spread  in  thin  lines  into  the  separate 
papillse.  Beneath  the  epithelial  growths  they  spread  out  into  a  uniform  layer  with 
processes  extending  laterally  and  downwards.  The  processes  accompanied  par- 
ticularly the  greatly  dilated  veins  and  were  not  directly  related  to  the  epithelial 
structures.  The  hunina  of  the  dweat  glands  were  dilated,  and  the  epithelial  lining 
swollen,  while  the  hair  follicles  and  hair  shafts  were  unaltered  either  in  the 
deeper  tissue,  where  the  plasma  cell  accumulation  occurred,  or  while  penetratinjr 
the  acanthomatous  part  at  the  surface.  At  no  place  was  there  evidence  of  plasma 
cell  degenenition,  the  tumor  representing  the  purest  type  of  plasmoma  tissue. 

The  spindle  cells  of  the  cutis  were  enlarged,  but  not  appreciably  increasecl  in 
numbers.  Except  for  the  usual  rarefaction  around  the  plasmoma  foci,  there 
was  no  progressive  nor  regressive  change  in  the  interstitial  collaginous  and 
elastic  tissue.     There  was  no  appreciable  increase  in  mast  cells. 

The  pigment,  which  was  heaped  up  in  the  basal  prickle  cells  at  the  periphery 
of  the  nodule,  spread  in  streams  between  the  cells  of  the  hypertrophied  epithelial 
I>ortion.  The  streams  surrounded  nuclei  and  entire,  unaltered  epithelial  cells, 
producing  appearances  like  pigment  colls.  There  were  other  "pigment  cells"  of 
the  same  structure  with  two  or  three  nuclei  according  to  the  number  of  epithelial 
cells  which  were  surrounded  by  the  pigment  stream. 

"All  in  all  the  structure  of  the  frombcesial  nodule  is  simple;  a  marked  epithe- 
lial growth  with  hyperkeratosis  accompanied  by  plasmoma  formation  in  the  cutis. 
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The  absence  of  any  degenerative  changes  in  the  plasmoma,  either  as  giant  cell 
formation  or  as  fusion,  makes  the  structure  simpler  than  that  of  a  syphilide  of 
which  the  yaws  nodule  is  otherwise  suggestive."  It  is  especially  like  a  condy- 
loma, from  which  it  is  distinguished  by  the  greater  dryness  of  the  cutis  in  yaws 
and  by  the  more  marked  Iceratinization.  This  explains  the  firmness  and  resistance 
of  the  nodule.  Its  cranberry  form  results  from  the  overgrown  papillary  bodies 
which  are  covered  by  such  a  thin  layer  of  prickle  cells-^that  is,  it  is  the  result 
of  the  great  vascular  dilatation  in  the  papillip. 

He  thinks  Charlouis  was  mistaken  in  interpreting  his  infiltrating  cells  as 
leucocytes,  and  suggests  that  they  must  have  been  plasma  cells,  while  the 
leucocytes  entered  as  a  result  of  secondary  infections.  He  thinks  that  "there 
is  no  question  that  the  cause  of  framb<esia  should  be  sought  only  in  the  first 
stages  of  the  exanthem  and  should  be  looked  for  in  the  cutis."  He  observed  the 
"abscess-like  areas"  in  the  keratinizing  epithelium,  but  altributed  them  to 
secondary  pyogenic  infections.  As  another  point  against  Charlouis'  interpreta- 
tion of  the  leucocytes  he  mentions  that  he  could  not  find  them  around  the 
dilated  capillaries  or  veins. 

Comparing  these  ac-eounts,  is  seems  clear  that  the  histologic  picture 
of  the  yaws  papule  at  an  early  stage  is  somewhat  different  from  that  of 
the  older  nodules.  The  description  given  in  this  article  and  those  given 
by  Charlouis,  Glogner,  and  to  a  less  extent  by  Plehn,  evidently  refer  to 
the  younger  nodules,  while  Unna's  description  is  true  only  of  the  older 
ones. 

The  characteristic  features  of  the  early  stage  are  (1)  the  epithelial 
degeneration,  with  (2)  epithelial  downgrowths  into  the  cutis  in  the 
form  of  irregular  columns;  it  seems  clear  that  this  appearance  is  due 
to  the  actual  downgrowth  of  epithelium  and  not  entirely  to  the  upgrowth 
from  the  cutis,  (3)  capillary  dilatation  with  engorgement,  marked 
(pdema  and  cellular  infiltration  limited  quite  sharply  to  tbe  cutis  and 
most  marked  at  the  under  border  of  epithelium.  The  cells  occurring 
are  chiefly  polymorphonuclears,  large  and  small  mononuclears,  and 
plasma  cells  and  cesinophiles.  It  is  clear  that  the  infiltrating  cells  are 
derived,  at  least  in  great  measure,  from  the  vessels.  Tn  addition  Plehn 
found  mast  cells  and  Glogner  giant  cells.  This  lai=it  finding  has  been 
verified  by  no  other  writ-er.  The  changes  in  the  fixed  tissue  c^lls  of  tlie 
cutis  are  relatively  slight. 

In  the  older  nodule  the  chief  difference  concerns  the  infiltrating  cells. 
Tlie  epithelial  changes  are  the  same,  the  a^dema  has  largely  disaj)peared, 
and  the  plasma  cells  are  present  in  such  enormous  mini  hers  as*  to  domi- 
nate the  j)icture.  Here  again,  the  changes  in  the  fixed  tissue  cells  of 
the  cutis  are  of  minor  extent. 

Remembering  the  rcinarkai)lo  regenerative  power  of  epithelium,  and 
noting  how  slight  are  the  degenerative  and  regenerative  changes  in  the 
cutis,  we  can  understand  liow  it  conies  ai)()ut  that  when  recoverv  occurs 
there  is  so  little  scar  formation  at  the  s(^at  of  a  yaws  ulcer. 

A  comparison  of  the  descriptions  of  the  different  writers  mentioned 
above,   with    I'nna's  d(»scription  of  the  syphilitic  condyloma   does   not 
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leave  a  wide  margin  of  difference.  The  differences  are  that  the  degener- 
ation in  yaws  is  confined  to  the  epithelium,  the  spirochaetae  heing  found 
in  the  degenerating  areas,  while  the  changes  in  the  cutis  are  unimpor- 
tant ;  that  there  is  no  periarterial  or  endarterial  change  in  yaws ;  that  the 
infiltrating  cells  at  the  early  stage  of  the  nodule  are  different  from  those* 
in  syphilis;  and  that  there  are  no  areas  of  necrosis  and  no  giant  cells 
in  yaws,  with  the '  exception  of  the  cases  described  by  Glogner.  The 
clinical  appearance  of  yaws  is  so  characteristic  that  it  is  surprising  to 
find  how  closely  the  histological  description  agrees  with  that  of  th(? 
syphilide.  It  will  be  important  to  make  a  comparative  study  of  the 
vaws  papule  and  condyloma,  examining  lesions  of  the  same  ages,  an<l 
using  the  silver  impregnation  method  in  the  demonstration  of  the 
parasites.  The  claim  is  made  that  syphilis  attacks  j)rimarily  the  cutis, 
while  yaws,  as  we  have  seen  above,  is  essentially  a  disi^ase  of  the 
epithelium.^ 

'  In  an  article  which  has  recently  arrived,  Schtiffner  {MUnchen.  med.  Wchnsch. 
(1907),  54,  1364)  reviews  one  hundred  and  twenty-nine  cases  of  yaws  seen  in 
Sumatra,  and  for  the  sake  of  completeness  his  article  is  abstracted.  In  one 
hundred  and  four  cases  he  found  the  treponema,  and  of  those  cases  examined 
more  than  once  he  found  it  in  98  per  cent.  The  Romanowsky  stain,  or  some 
modification,  proved  most  satisfactory,  especially  when  preceded  by  osmic  acid 
or  formalin  vapor  fixation.  By  the  use  of  Levaditi's  silver  stain  he  found  that 
the  parasites  occurred  only  in  the  diseased  portion  of  the  epidermis,  especially 
in  the  deeper  layers  of  prickle  cells,  and  in  this  situation  they  were  often 
extremely  abundant.  They  were  entirely  al>sent  elsewhere,  notably  in  the  peri- 
thelial  situation  common  in  syphilis. 

While  syphilis  and  yaws  are  closely  parallel,  he  is  convinced  that  yaws  is  an 
independent  affection. 

He  gives  a  brief  review  of  the  histologic  appearance,  but  of  particular  interest 
is  his  careful  description  of  unusual  skin  manifestations  in  yaws.  Under  this 
heading  he  describes  ring-shaped  or  kidney-shaped  efflorescenc<»s  and  others  which 
are  impetiginous  or  vesicular.  In  others  there  was  a  definite  roseola.  In  more 
than  one-fourth  of  his  cases  there  was  a  peculiar,  macular  eruption  in  wl\ich 
rounded  spots  from  1  to  3  centimeters  in  diameter  were  surrounded  by  minute 
papules,  often  becoming  vesicular.  Of  especial  interest  is  his  description  of  the 
bone  and  joint  pains  in  yaws,  which  he  found  to  occur  in  20  per  cent  of  cases 
in  adults.  Periostitis  was  also  very  common.  He  thinks  from  his  studies  of 
yaws  that  as  the  result  of  further  investigation  and  discrimination  "syphilis 
will  be  dissolved  into  a  group  of  independent  diseases." 


ILLUSTRATIONS. 


Platk  J. 


Fkj.  1.  Young  pn)>ule  from  ])atieiit  witli  leprosy  and  yawn.  Mapiiticaititm.  9.')  X  1. 
a,  Kdfre  of  crust  over  tlie  nicer,  composed  of  necrotic  epitliclinni,  leuco- 
cytes, etc.  />.  Hypertrophied  epithelium,  c,  Epithelial  downj^rowth, 
with  leucocytic  infiltration,  c/.  Base  of  ulcer,  showinjif  preservation  of 
(UH'j)est  layer  of  epithelium,  beginning  epithelial  {h)wngrowth,  and  cover- 
ing of  epithelial  debris,  c,  Dovvngrowth,  showing  preservation  of  the 
columnar  cell  layer  with  degeneration  of  the  central  portion.  /. /,  Caj»- 
illary  dilatation  in  the  a'dematous  cutis. 
2.  Early  papule  from  monkey.  Magnification.  1)5  X  1.  o,  Beginning  loss  of 
surface  epitheliimi.  b,  h.  Epithelial  overgrowth,  r,  Cross  section  of 
epithelial  downgrowth,  showing  central  degeneration.  (L  d,  d,  Capillary 
dilatation  in  (wlematous  corium.     c,  Portion  enlarged  in  PI.  11,  fig.  .'J. 

Plate  II. 

Fi<i.  i\.  Portion  of  fig.  2  enlarged.  Magnification,  415  X  1.  <i.  Beginning  degener- 
ation of  epithelium,     h,  h,  b.  Capillary  dilatati(m. 

Platk  III. 

Kits.  4.  Cross  section  thrmigh  an  epithelial  downgrowth  from  an  ohler  nodule 
from  a  monkey,  showing  the  necrosis  of  the  central  cells  with  preserva- 
tion of  younger  cells  at  the  margins.     The  tcdema  of  the  cutis  also  i«* 


well  indicated.     Magnification,  r)2()  X  1 
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introduction. 

Fully  lo  apprwiatu  the  confusion  wliii-h  exists  at  the  present  time 
concerning  the  etiology  of  mycetoma,  it  is  only  necessary  to  consult  the 
two  systems  of  medicine  which  are  now  appearing  simultantK)Usly  in  the 
F^nglish  language.  J.  H.  Wright,  in  Osier's  AfcKlorn  Medicine,  main- 
tains that  the  hlack  variety  <>f  mvcetoma  is  a  separate  and  distinct  disease 
caused  by  a  Ilifphotnyct'tr  which  he  cultivated  from  the  hlack  granules 
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taken  from  a  patient  encountered  in  the  Massachusetts  General  Hospital, 
although  the  author  states  that  the  etiologic  relation  of  the  Hyphomyccte 
remains  to  be  established  by  animal  experiment.  Wright,  in  discussing 
the  ochroid  variety  of  the  disease,  says  that  "at  the  present  time  the 
ochroid  or  pale  form  of  mycetoma  must  be  regarded  as  actinomycosis  of 
the  part." 

On  the  other  hand,  MacTjeod,  in  Allbutt's  System  of  Medicine,  recog- 
nizes Vincent's  Streptothrix  madurcB  as  the  cause  of  the  ochroid  valnety 
and  states  that  it  is  a  Streptothrix  closely  allied  to,  but  differing  from 
Actinomyces,  This  author,  referring  to  the  black  type,  is  of  the  opinion 
that  the  fungus  is  a  degenerate  variety  of  the  one  causing  the  ochroid 
form  of  infection,  rather  than  that  it  is  a  distinct  species.  MacLeod 
therefore  considers  the  two  varieties  of  the  disease  as  being  different 
stages  or  types  of  the  same  infection  and  of  a  single  etiology.  Other 
recent  observers  believe  that  the  condition  mav  be  the  result  of  the  action 

ft- 

of  several  closely  allied  species  of  Streptothrix, 

We  have  isolated  by  culture  and  demonstrated  conclusively  the  etio- 
logic role  of  a  new  species  of  Streptothrix  in  a  case  of  the  ochroid 
variety  of  the  disease,  as  will  be  seen  in  the  following  report,  and  have 
written  to  various  colleagues  for  cultures  of  other  organisms  which  have 
been  isolated  from  types  of  the  disease.  As  soon  as  practicable  we  hope, 
by  a  comparative  study  of  these  cultures  and  by  observing  their  action  on 
monkeys,  to  determine  the  etiologic  importance  of  the  other  cultivated 
species  of  the  Streptothrix. 

CASE   KEPOUT. 

Mycetoma,  ochroid  variety ;  duration  three  years;  amputation  of  foot; 
recovery.  Streptothrix  (Streptothrix  freeri  sp.  nov.)  cultivated  from 
the  lesions  and  its  etiologic  significance  established. 

P.  B.  (St.  PauFs  Hospital,  No.  3256). — A  Filipina  woman  from  the  Province 
of  Bulacan:  age  30,  married,  with  two  healthy  children  2  and  5  years  of  age; 
was  admitted  on  August  5.  1907,  to  Musgrave's  sendee  in  St.  Paul's  Hospital. 
She  complained  of  a  large  and  painful  right  foot  and  stated  that  the  disease 
was  of  three  years'  duration.  The  family  and  previous  history  of  the  patient 
furnished  no  data  of  importance.  The  patient  stated,  with  reference  to  the  present 
disease,  that  about  three  years  before  admission,  while  she  was  doing  laundry' 
work  in  the  river,  a  sliver  of  bamboo  entered  the  flesh  between  the  great  and  second 
toes  of  the  right  foot.  The  splinter  was  withdrawn  and  the  wound  then  healed. 
After  about  one  month,  pain  in  the  region  of  the  injury  developed  and  the  wound 
again  opened  and  discharged  pus.  Following  the  first  lesion,  other  nodular  lesions 
developed  in  various  places  in  the  foot,  and  then  subsequently  opened  and  dis- 
charged pus.     The  foot  slowly  grew  larger  until  it  attained  its  present  size. 

The  patient,  on  admission,  is  a  somewhat  frail,  aniemic  woman,  apparently 
about  40  years  of  age.  although  she  states  she  is  but  30.  She  says  she  is  in 
good  health,  were  it  not  for  pain  and  soreness  of  the  right  foot  and  her  inability 
to  walk,  because  of  the  size  and  weight  of  this  member.     The  heart  and  vessels. 
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if  a  considerable  prominence  of  the  Buperficial  veins  about  the  chest  is  excepted, 
appear  to  be  normal.  The  blood  is  free  from  parasites.  Haemoglobin,  85  per 
cent;  red  cells,  4,200,000:  leuco<*ytes,  7,000.  The  leucocytes  by  differential  de- 
termination show  4  per  cent  eosinophiles  as  the  only  departure  from  normal. 
Her  appetite  is  good  and  no  disturbance  of  the  bowel  function  is  apparent,  although 
the  csecum  on  palpation  appears  to  be  thickened  and  tender.  There  is  no  cough, 
and  a  physical  examination  of  the  chest  is  negative.  There  are  no  symptoms 
attributable  to  disturbance  of  the  urinary  system  and  the  urine  is  normal.  The 
uterus  is  retroflexed  and  bound  down  by  adhesions  and  there  is  tenderness  in 
the  region  of  the  right  ovary.  The  cutaneous  system  appears  to  be  normal,  except- 
ing over  the  right  foot.  The  superficial  lymphatics,  particularly  in  the  right 
groin,  are  moderately  enlarged  and  quite  firm.  Pain  of  a  dull  character  and 
not  severe  is  present  in  the  right  foot,  more  pronounced  when  the  patient  is  in 
the  upright  position.     The  reflexes  and  sensation  in  general  are  normal. 

The  right  foot  (shown  in  PI.  I,  fig.  1 ).  is  much  enlarged  and  has  the  appearance 
described  in  mycetoma.  The  toes  are  spread  apart  and  appear  to  be  turned 
upward,  because  of  the  swelling  of  the  ball  of  the  foot.  There  are  numerous 
punched-out,  crater  like  openings  which  communicate  by  sinuses  throughout  the 
foot.  These  are  so  extensive  that  a  probe  may  be  passed  in  almost  any  direction 
through  the  member.  Pressure  shows  a  moderately  firm,  but  spongy  consist- 
ency and  if  applied  on  one  point  will  cause  a  discharge  from  several  openings 
at  the  same  time.  There  is  some  general  tenderness  and  but  slight  alteration 
in  sensation.  The  process  apparently  stops  short  at  the  ankle.  Other,  earlier 
lesions  are  present  in  addition  to  those  already  mentioned.  These  appear  some- 
what to  differ  from  the  usually  described,  early  lesions  of  mycetoma.  They 
consist  of  soft,  dark-colored,  nodular  masses  of  various  sizes  which,  when  opened, 
bleed  most  profusely,  exuding  a  dark  venous-like  blood. 

The  lesions,  when  examined  microscopically,  in  addition  to  blood,  contain 
other  degenerating  cells.  The  Streptothrix  about  to  be  described  may  also  be 
observed.  Cultures  and  smears  were  made  from  the  lesions.  The  f^treptothrix 
was  seen  in  the  smears,  but  all  cultures  made  at  this  time  remained  sterile. 

The  patient  was  transferred  to  the  surgical  service  of  Drs.  McDill  and  Dudley, 
and  acting  upon  the  recommendations  made  in  the  literature,  Dr.  F.  W.  Dudley 
performed  an  amputation  of  the  leg  at  the  lower  third. 

The  patient  made  a  satisfactory  recovery  from  the  operation,  and  after  five 
months  there  has  been  no  recurrence  of  the  disease. 

STUDY   OF  THE   AMPUTATED   FOOT. 

Oross  pathology. — The  foot  was  sent  to  the  autliors  at  the  Bureau  of 
Science  immediately  after  the  operation.  An  examination  of  sawed 
sections  of  the  tibia  and  fibula  shows  that  the  mvcetomatous  lesion 
extends  to  about  5  centimeters  above  the  ankle  joint,  the  parasitic  growth 
being  demonstrated  in  the  bone  marrow  and  the  medullary  canal  of  the 
tibia.  The  appearance  of  the  foot  in  general  corresponds  with  the  usual 
descriptions  given  for  a  well-advanced  mycetoma  of  the  ochroid  variety. 
There  is  general  enlargement  to  at  least  twice  the  normal  size.  This  en- 
largement is  perhaps  more  marked  on  the  ball  of  the  foot,  giving  to  the 
toes  the  appearance  of  being  turned  u|)ward  and  spread  apart.  The 
external  lesions  are  of  two  kinds,  the  first  being  craterlike,  nodular  and 
more  or  less  whitish   in   color,  usually  containing  an  opening  in  the 
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center;  the  second  are  the  earlier,  reddish,  soft,  fluctuating  nodules, 
which  when  opened  seem  to  contain  a  dark  material  appearing  like 
venous  blood.  Stages  of  the  lesions  in  character  between  these  two 
may  be  seen,  and  smaller  nodules,  from  2  to  8  millimeters  in  diameter, 
resembling  the  large  ones  in  all  respects  except  that  they  contain  no 
openings,  are  also  present.  The  skin  in  general  is  not  much  thickened, 
bnt  it  is  rather  tense  over  the  swollen  subcutaneous  and  other  tissues. 
The  openings  on  the  cutaneous  surface  are  directly  continuous  with 
sinuses  which  run  in  all  directions  through  the  foot  and  which  connect 
freely  with  each  other.  It  is  very  easy  to  section  the  foot,  the  knife 
passing  readily  in  all  directions  because  of  almost  complete  destruction  of 
the  bony  tissues.  The  cut  surface  shows  a  mass  of  disorganized  and 
degenerated  tissue,  without  evidence  of  inflammation,  and  an  abundance 
of  oily,  slightly  tenacious  liquid  erudes  not  only  from  these  surfaces 
but  also  from  the  sinuses  exposed  by  the  section.  This  fluid  contains 
the  so-called  "fish  roe"  granules,  which  vary  in  size  from  those  only 
observable  under  the  microscope  to  others  2  millimeters  or  more  in 
diameter.  The  masses  have  a  yellowish  color  and  when  pressed  out  and 
examined  under  the  microscope  are  seen  to  be  made  up  of  degenerated 
cells,  debris,  and  the  Streptothrix  about  to  be  described. 

nistology. — Nothing  very  definite  can  be  observed  in  the  sections. 
There  is  uniform  destruction  of  the  tissues,  with  but  slight  evidence  of 
repair.  Many  specimens  from  all  parts  of  the  diseased  foot  were  re- 
moved for  section  and  were  prepared  by  the  Zenker,  alcohol  and  for- 
malin, and  by  the  Tjcvaditi  method;  and  for  purposes  of  study  many 
stains  were  used,  including  the  Ziehl-Neelson  stain  for  tubercle  bacilli; 
the  Gram-Weigert ;  Levaditi's  methylene  blue;  Wright's  blood  stain; 
Giemsa's  and  the  general  aniline  dyes.  The  first  two  of  these  were  very 
satisfactory,  particularly  the  Gram-Weigert  method. 

The  following  method  used  by  Mr.  Willyoung  is  particularly  good 
for  studying  sections  of  the  larger  granules: 

The  tissue  is  stained  in  warm  carbol-fuchsin  for  ten  minutes,  deooloriised  in 
5  per  cent  nitric  acid-alcohol  for  from  five  to  fifteen  seconds;  washed  in  water, 
counter-stained  for  five  minutes  in  a  concentrated  aqueous  solution  of  methylene 
blue;  washed  in  water,  then  in  95  per  cent  alcohol  and  finally  in  absolute  alcohol, 
cleared  in  xylol  and  mounted  in  balsam.  With  this  stain  the  Streptothrix  takes 
a  bright  red  color,  whereas  the  tissues  become  blue. 

Sections  taken  from  the  skin  at  a  distance  from  the  openings  demon- 
strate very  little  change.  In  some  places  the  walls  of  the  small  blood 
vessels  are  thickened  and  in  a  few  instances  these  are  surrounded  by  an 
area  of  moderate,  round-cell  infiltration.  Sections  through  the  margins 
of  the  openings  show  a  necrotic  zone  without  any  areas  of  infiltration, 
or  any  other  marked  evidence  of  tissue  repair  or  reaction.  Some  of 
these  sections  contain  small  granules  of  the  Streptothrix  and  in  other 
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instances  mycelial  threads  may  be  seen.  The  alteration  in  tissue  in  sec- 
tions from  many  other  places  in  the  foot  is  so  great  as  to  render  the 
differentiation  of  the  various  elements  impossible. 

The  whole  foot  is  practically  a  mass  of  degenerated  tissue,  d6bris, 
and  fungus  elements,  in  which  an  occasional,  recognizable  piece  of  nerve, 
bone,  or  tendon  may  be  seen.  There  are  areas  of  fixed  tissue-cell  prolif- 
eration, in  places  usually  surrounding  a  partially  occluded  blood  vessel 
or  a  granule  of  the  fungus  mass.  Evidences  of  repair  of  tissue  or  of 
acute  inflammation  are  almost  entirely  absent.  The  Streptothrix  is 
found  in  the  sections  in  the  form  of  granules  and  of  occasional  mycelial 
threads,  both  of  these  types  being  evident  in  masses  of  debris  lying  in 
somewhat  definitely  outlined  cavities,  and  again  among  better  preserved 
tissue  cells.  The  granules  vary  in  size  from  about  25  /a  to  5  millimeters 
or  more,  and  although  they  usually  are  oval  or  round  in  the  smaller 
masses,  they  are  of  dumb-bell  or  more  irregular  shapes  in  the  larger  ones. 
The  smaller  granules,  when  appropriately  stained,  appear  as  conglomerate 
masses  of  mycelia,  like  puffballs,  in  which  degenerated  cells,  crystals, 
and  unstainable  debris  may  be  embedded;  the  margins  of  these  granules 
often  show  a  more  or  less  definite  radiation  of  fibers  from  the  central 
mass,  coccoid  and  other  irregular  forms  being  rare.  The  picture  is 
somewhat  different  in  the  larger  granules.  These,  when  they  are  cut 
through  in  the  process  of  sectioning,  show  three  fairly  well-marked 
zones.  The  outer  of  these  is  made  up  largely  of  radiating,  mycelial 
bodies  of  varying  shapes,  some  appearing  as  hypha?,  others  as  twisted 
and  bent  mycelia,  and  in  some  sections  a  more  or  less  definite  "club" 
formation  may  be  noted.  The  middle  zone  is  composed  of  irregularly 
interwoven  mycelia  with  a  few  iiTegular  forms,  a  mass  of  poorly  stain- 
ing material,  degenerated  cells,  and  a  few  cr}^stals  is  embedded  in  it.  The 
third  or  inner  zone  seems  to  resemble  a  cavity  filled  with  granular  and 
hyaline  matter,  broken-down  cells  and  irregular  forms  of  the  Strepto- 
thrix;  these  latter  being  of  several  shapes,  of  which  the  bacillary  and 
coccus-like  predominate.     (PL  3,  fig.  1.) 

THE  STllEPTOTIIRIX. 

Morphology. — A  Streptothrix  answering  to  the  following  description 
was  found  in  large  numbers  in  the  discharges  from  the  open  sinuses 
and  the  various  tissues  of  the  diseased  foot  after  amputation;  it  was 
cultivated  and  the  disease  was  produced  in  monkeys'  feet  by  inoculation 
with  cultures  and  scrapings  from  the  amputated  member. 

The  discharges  and  scrapings  from  the  cut  surfaces  of  the  foot,  on 
microscopic  examination,  show  the  distribution  of  the  Streptothrix 
to  be  very  general  and  not  confined  to  any  particular  tissue,  or  even  to 
the  sinuses  and  cavities.     Tlie  organism  is  easily  rei'ognizable  in  fresh 
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coverglass  preparations.  It  occurs  in  several  forms.  The  most  im- 
portant of  these  are  granules  of  varying  sizes,  the  larger  ones  being  of 
the  "fish  roe"  type  discussed  by  several  authors.  These  granules  are  of 
a  dull,  yellowish-white;  the  yellowish  color  being  more  pronounced  in 
the  larger  and  hardly  noticeable  in  the  smaller  ones.  They  are  of  a 
tough,  dough-like  consistency,  they  may  be  washed  and  handled  with 
impunity,  and  show  evidences  of  considerable  elasticity.  They  vary  in 
diameter  from  0.25  to  5  millimeters  or  more,  are  of  diverse  shapes,  the 
very  small  ones  usually  being  oval,  the  conformation  differing  as  they 
grow  larger.  When  pressed  out  by  a  cover  glass  and  examined  under  a 
low  power  of  the  microscope,  they  somewhat  resemble  in  appearance 
similar  preparations  of  Actinomyces  hominis;  however,  the  ray  forma- 
tion is  a  much  less  distinctive  feature  and  the  "club^^  appearances  are  ab- 
sent, or  much  less  noticeable.  Under  the  high  powers  of  the  microscope 
the  smaller  granules  are  seen  to  be  made  up  of  a  mass  of  interwoven, 
fungoid  filaments  with  a  more  or  less  definite  picture  of  radiation  of  the 
filaments  at  the  margins.  The  central  portion  in  larger  and  older  gran- 
ules contains  fewer  of  the  filamentous  forms,  but  there  are  numerous, 
bacillary  and  coccus-like  varieties  together  with  crystals,  bright,  shining, 
small,  round  bodies,  and  debris,  the  whole  making  up  a  more  or  less 
dense  mass  which,  as  it  were,  (constitutes  a  cave  for  the  granule.  Outside 
of  this  mass  there  is  a  zone  of  interlacing  filaments,  in  which  cells  and 
d6bris  are  embedded  and,  finally,  the  outer  fringe  is  made  up  largely  of 
terminal  branches,  loops,  and  hyphae,  which  are  forms  of  the  fungus. 
Here,  as  is  the  case  in  the  smaller  nodules,  there  is  some  attempt  at 
radiation  and  in  (certain  of  the  specimens  definite  ''clubs"  may  be  seen. 
The  Streptothrix  likewise  often  appears  in  the  fresh  material  as  a  some- 
what skein-like  mass  of  filaments  or  mycelia,  with  hyphae  and  ocx^asional 
round  forms.  These  filaments  are  often  found  free  in  the  discharge, 
and  because  of  their  loose  structure  are  good  specimens  for  examina- 
tion.  Still  other  types  of  the  Streptothrix  are  sometimes  present. 
These  consist  of  a  single  filament,  or  of  a  few  small,  round,  glistening 
bodies  lying  free  in  the  secretion.  The  nature  of  these  small,  round, 
refractive  bodies  is  not  entirely  clear.  They  are  found  free,  bound  up 
in  meshes  of  mycelia,  and  what  appear  to  be  similar  structures  are  some- 
times observed  inclosed  within  large  fixed  tissue  cells,  this  process  of 
inclosure  apparently  being  one  of  phagocytosis.  Yellowish  crystals  of 
various  sizes  and  shapes,  the  products  of  parasitic  activity,  occur  in  the 
discharge  in  small  groups,  or  singly.  A  pigment  of  the  appearance  of 
haemoglobin  may  also  be  seen. 

The  individual  elements  of  the  Streptothrix  give  interesting  pictures 
when  they  are  examined  with  the  highest  powers  of  the  microscope. 
The  hyphae-like  forms  seem  to  he  made  up  of  a  delicate  membrane, 
covering  a  homogeneous  and  unbroken  core ;  in  the  older,  mycelial  types 
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the  outer  membrane  appears  to  be  irregular  in  thickness  and  density  and 
absent  in  places;  the  inner  portion  is  also  frequently  and  irregularly 
broken,  and  thus  the  appearances  of  bacillary  and  ovoid  or  coccal  sections 
is  produced.  Branching  forms  are  plentiful,  the  branches  first  appar- 
ently appearing  as  buds,  which  grow  to  hyptwe  from  the  side  of  the 
mycelial  thread.  True  dichotomous  division  has  not  been  observed. 
The  small,  round  bodies  mentioned  above  often  appear  to  have  a  double 
containing  wall  and  they  vary  in  diameter  from  3  to  10  fi. 

Staining. — The  Streptothrix  takes  the  majority  of  the  ordinary  stains 
in  preparations  of  fresh  material;  it  is  stained  by  the  Gram-Weigert 
method,  and  its  acid-fast  and  alcohol-fast  properties  are  quite  marked, 
particularly  in  the  older  filaments. 

The  Ziehl-Neelson-Gabbet  method  for  staining  the  tubercle  bacillus 
is  also  very  satisfactory  for  Streptothrix  freeri,  the  fungus  elements 
assuming  the  same  bright  red  color  wliich  is  imparted  to  tubercle  bacilli. 
The  structure  of  the  granules  becomes  fairly  apparent  by  the  various 
methods  of  staining  and  the  specimens  confirm  the  observations  already 
recorded  when  discussing  the  fresh  materials. 

Stained  specimens  which  show  the  individual  elements  give  some 
interesting  results.  Some  specimens,  when  they  are  colored  by  the 
method  used  for  tubercle  bacilli,  contain  so  many  of  the  bacillary  forms 
which  take  the  red  stain  and  which  closely  resemble  Bacillus  tuberculosis, 
that  we  at  first  thought  the  latter  organism  was  also  present  in  our 
cultures.  However,  further  study  has  shown  these,  as  well  as  the  coccal 
and  other  irregular  forms,  to  result  from  tlie  breaking  up  of  the  older 
mycelial  filaments.  These  bodies  which  resemble  tubercle  bacilli  may 
sometimes  be  seen  in  the  filamentous  mycelia,  still  surrounded  by  the 
unbroken  sheath. 

Cultures. — Cultures  on  agar  and  glycerin  agar,  from  the  open  wounds 
before  amputation  and  after  the  foot  had  been  dressed  for  twenty-four 
hours  in  a  wet  bichloride  dressing,  remained  sterile.  The  Streptothrix 
was  cultivated  without  difficultv  from  the  sinuses  and  tissues  of  the 
amputated  foot  and  no  bacteria  were  present  except  when  the  cultures 
were  taken  from  those  surfaces  contaminated  by  the  knife  in  opening 
the  foot;  in  the  latter  instances  saprophytic  bacteria  were  also  present. 

Lesions  from  which  the  Streptothrix  was  obtained  in  pure  culture 
were  produced  in  monkeys  after  the  inoculation  of  fresh  material. 
The  microorganism  is  aerobic  and  it  grows  with  greater  or  less  readi- 
ness upon  most  of  the  ordinary  laboratory  media.  C'ultures  upon  media 
containing  sugar  or  glycerin  and  upon  potato  have  some  color,  which 
varies  in  intensity. 

A  profuse  growth  appears  in  a  few  days  in  certain  media,  but  in  others 
the  development  is  much  slower.  Potato,  sugar  containing  media,  and 
glycerin  agar  at  37°  C,  are  best  adapted  to  the  growth  of  the  fungus, 
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but  a  slower  development  takes  place  even  at  ordinary  room  temperature 
(30°  C).     The  organism  is  an  obligate  aerobe. 

Potato. — Growth  becomes  visible  after  twenty-four  hours  and  after  seventy- 
two  becomes  luxuriant.  The  colonies,  when  they  first  become  apparent,  are  small, 
discrete  and  slightly  raised,  and  have  a  delicate,  pink  color.  As  growth  proceeds 
they  become  larger  at  the  base  and  raised  to  a  height  of  at  least  0.1  millimeter. 
The  upper  portion  of  the  colony  appears  as  a  short  shred  which  often  folds  upon 
itself,  giving  it  the  appearance  of  being  umbilicated.  The  whole  inoculated  surface 
finally  changes  to  a  heaped-up  mass  which  has  a  yellow-ocher  color  in  the 
center,  with  a  pinkish  or  white  periphery.  The  medium  becomes  daiicened  and 
moist.  The  growth  may  be  lifted  in  heaps  on  a  platinum  loop.  Desegmentation 
occurs  when  it  is  placed  in  water  and  small,  flat  particles,  from  delicate  pink 
to  a  yellowish-brown  color  and  which  resemble  dry  bran,  float  upon  the  surface; 
on  shaking  the  vessel  the  particles  adhere  to  the  sides  of  the  vessel.  (PI.  IV, 
fig.  2.) 

Olycerin  agar. — Growth  appears  after  three  days;  later  it  becomes  heaped  up. 
the  medium  remaining  moist.  The  colonies  at  first  are  discrete,  but  they  soon 
become  confluent,  but  not  difTuse;  they  are  raised  and  in  some  instances  have 
the  umbilicated  appearance  observed  on  potato.  As  the  cultures  grow  older, 
they  to  some  extent  resemble  those  of  the  tubercle  bacillus  on  the  same  medium. 
A  yellowish  pigment  is  produced,  more  pronounced  in  the  central  portion  where 
the  growth  is  more  luxuriant;  with  a  pink  to  pinkish-white  periphery.  The 
growth  may  readily  be  peeled  from  the  surface  of  the  medium,  and  when  observed 
in  bulk  it  has  a  moist  appearance.  No  pigmentation  of  the  medium  occurs. 
(PI.  IV,  fig.  1.) 

Agar-agar  1  per  cent  acid  and  1  per  cent  alkaline  to  phenolphthalein. — The 
growth  after  four  days'  incubation  appears  as  a  smooth,  white  and  glistening, 
very  slightly  raised  mass.  The  colonies  do  not  develop  the  central  pit,  thus 
differing  from  their  appearance  on  potato,  glycerin  agar  and  the  media  containing 
sugar,  neither  do  they  produce  the  pigment  which  is  characteristic  of  growth 
on  the  latter,  but  on  the  contrary  they  first  assume  a  porcelain- white  color  and 
later  develop  a  delicate,  diffu8e  pink.     There  is  no  pigmentation  of  the  medium. 

Loeffler's  blood  serum. — Growth  on  this  is  much  slower  than  on  other  media. 
The  pigmentation  and  growth  are  very  similar  to  those  on  plain  agar-agar.  After 
two  weeks'  incubation  no  change  in  the  medium  occurs. 

Olucose  agar  stab. — Ck>lonies  do  not  develop  along  the  track  of  the  needle,  but 
they  grow  luxuriantly  on  the  surface  of  the  medium  forming  a  heaped-up  center, 
with  a  wrinkled  periphery.  The  center  is  yellow  in  color,  the  periphery  pink 
to  pinkish-white.  No  pigmentation  of  the  medium  occurs.  The  growth  on  this 
medium  shows  the  aerobic  tendencies  of  the  microdrganism. 

Gelatin. — This  medium  is  not  liquefied;  growth  is  similar  to  that  on  glucose 
agar. 

Bouillon,  alkaline  and  acid. — Floating,  flat  particles  appear  on  the  surface  of 
the  medium  after  three  days*  incubation.  These  particles,  when  the  tube  is 
shaken,  adhere  to  its  sides.  On  further  incubation,  a  sediment  in  the  form  of 
a  tenacious  mass  settles  to  the  bottom.  The  medium  does  not  become  cloudy,  but 
on  long  incubation  it  changes  to  a  darker  color. 

Alkaline  litmus-milk. — Growth  appears  after  three  days  on  the  surface  of 
the  medium  in  the  form  of  dry,  flat  particles,  which  later  become  confluent,  form- 
ing a  heaped-up,  yellowish  mass.  A  tenacious  sediment  forms  at  the  bottom 
of  the  tube;  in  this  portion  of  the  medium  the  milk  is  gradually  decolorized; 
however,  it  does  not  become  red.     The  milk  is  not  coagulated. 
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Lactoae-litmus  agar  stab. — The  growth  on  this  medium  is  similar  to  that 
on  the  glucose-agar  stab  and  it  produces  no  change  in  the  reaction  of  the  medium. 

Potato  infusion. — The  growth  is  similar  to  that  on  bouillon;  however,  no 
pigment  is  produced  and  the  medium  is  not  altered. 

Relation  of  growth  to  temperature  and  resistance  to  heat. — Growth 
was  observed  both  at  room  temperature  and  at  37°  C,  but  under  the 
former  condition  it  was  much  slower  and  less  pigment  is  produced  than 
at  the  temperature  of  the  incu])ator.  No  growth  occurs  in  cultures 
after  exposure  to  70°  for  15  minutes. 

ANIMAL  EXPERIMENTS. 

The  series  includes  forty  monkeys  {Cynomolgus  philippincnsis 
GreoflE.),  guinea  pigs,  rabbits,  dogs  and  pigeons.  In  nearly  every  in- 
stance lesions  characteristic  of  mycetoma  were  artificially  produced  by 
intraperitoneal  inoculation,  with  the  exception  of  the  rabbits  and  pigeons. 
Three  typical  examples  of  Madura  foot  developed  in  monkeys  after 
injection  of  the  organism  into  the  foot.  (See  PI.  I,  figs.  2  and  3.)  On 
the  other  hand,  in  no  instance  was  a  progressive  disease  produced  i)y 
subcutaneous  inoculation  in  other  parts  of  the  body. 

INTRAPERITONEAL    INOCULATIONS    OF    MONKEYS. 

Monkey  number  3268. — Inoculated  into  the  abdominal  cavity  with  material 
from  the  original  case.  After  five  days,  a  small  tumor  was  located  above  the 
bladder  in  the  left  inguinal  region  and  three  days  later  the  animal  was  found 
to  be  in  a  dying  condition.     It  was  immediately  killed  and  autopsy  performed. 

Autopsy. — Heart  and  lungs  appear  normal;  no  fluid  in  either  cavity.  Spleen, 
liver  and  kidneys  normal,  some  fluid  found  in  the  abdominal  cavity.  A  tumor 
2  centimeters  in  diameter  is  present  just  above  and  to  the  left  of  the  bladder. 
This  tumor  is  surrounded  by  adhesions  and  is  adherent  to  the  omentum,  abdominal 
wall  and  intestine,  it  is  extremely  firm  in  the  center,  with  a  surrounding 
(edematous  coat.  The  cut  section  shows  several  small  sinuses,  from  which  small 
quantities  of  pus  may  be  expressed.  Small,  distinct,  refractive  granules  can 
be  seen  macroscopically,  none  larger  than  a  pin  head.  Smears  show  the  pres- 
ence of  a  Streptothrix  and  8.  freeri  was  reclaimed  in  pure  cultures. 

Monkey  number  3269. — Inoculated  with  the  material  from  the  previous  animal. 
After  six  days  the  animal  showed  a  disposition  to  sit  in  a  cramped  position. 
On  palpation  a  nodule,  about  2  centimeters  in  diameter,  which  seemed  to  be 
attached  to  the  abdominal  wall  was  located  in  the  abdominal  cavity.  Eight 
days  later  the  animal  was  found  to  be  in  a  <lying  fondition.  It  was  killed  and 
autopsy  performed  immediately. 

Autopsy. --lAin^s,  heiirt.  liver  and  kidneys  normal.  Some  fluid  is  found  in  the 
abdominal  cavity.  Above  the  bhulder,  and  occupying  the  entire  abdominal  cavity 
there  is  a  firm  mass  composed  of  necrotic  tissue  and  compact  adhesions  of  the 
intestinal  coils  to  the  abdominal  wall  and  to  the  omentum.  A  cut  section  shows 
numerous  sinuses  surrounded  by  thickened  walls,  in  some  instances  these  sinuses 
have  burrowed  through  the  walls  of  the  intestines  and  in  others  into  the  wall  of 
the  abdomen.  A  thick,  cream-like  discharge  in  which  small,  glistening  grains 
or  granules  are  visible,  can  he  pressod  from  the  cavities.  Pure  cultures  of  the 
Streptothrix  were  ()btaine<l. 
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Monkey  number  3S07. — Inoculated  with  0.2  of  a  potato  slant  culture  obtained 
from  monkey  number  3268.  After  ten  days  a  small  nodule  could  be  felt  above 
the  bladder  in  the  left  inguinal  region.  Several  days  later,  multiple  nodules 
developed,  and  ten  days  afterward  the  animal  died. 

Autopsy. — Several  distinct  nodules,  which  contain  thick,  cream-like  pus  are 
present.  Anterior  to.  and  a  little  above  the  bladder  there  is  a  tumor  2  centi- 
meters in  diameter,  bound  by  adhesions  to  the  mesentery  of  the  descending  colon, 
to  coils  of  the  Hmall  intestine  and  to  the  abdominal  wall.  On  section  of  the 
tumor,  a  heavy,  cream-like  pus  ift  discharged  from  the  center;  the  surroundin*^ 
mass  is  composed  of  a  necrotic  material  containing  small  sinuses  filled  with  pus. 
Smears  show  numerous  growths  of  the  Streptothri^. 

Monkey  number  3S08.-  -Inoculated  with  0.25  of  a  potato  slant  culture.  The 
animal  died  ten  days  later,  the  lesions  being  similar  to  those  found  in  animal 
number  3307. 

Monkey  number  3309. — Inoculated  with  0.25  of  a  potato  slant  culture  in  the 
abdominal  cavity.  The  animal  is  still  living,  thirty  days  after  the  inoculation. 
On  palpation,  a  small  nodule  can  be  distinguished  in  the  lower  portion  of  the 
abdominal  cavity. 

INTBAPEBITOXEAL  INOCULATION  OF  GUINEA  PIGS. 

Guinea  pig  number  3313. — Inoculated  with  a  small  amount  of  the  culture  grown 
from  monkey  number  3269.     The  animal  died  seven  days  after  the  inoculation. 

Autopsy.- -Ten  cubic  centimeters  of  a  clear  fluid  are  found  in  the  abdominal 
cavity,  the  heart  is  slightly  dilated,  the  lungs  congested,  the  diaphragm  shows 
numerous,  small,  superficial  abscesses  varying  in  size,  the  largest  not  more  than 
2  millimeters  in  diameter.  The  liver  is  intensely  congested  and  contains  similar 
abscesses,  and  they  are  also  found  in  the  omentum,  mesentery  and  spleen.  Pure 
cultures  of  the  microorganism  were  obtained  from  the  abscesses. 

Quinea  pig  number  33H. — Inoculated  with  a  small  amount  of  the  culture  grown 
from  monkey  number  3269.     The  animal  died  ten  days  later. 

AutopRy  demonstrates  lesions  identical  in  character  with  those  found  in  guinea 
pig  number  3313. 

Guinea  pig  number  3323. — Inoculated  with  0.5  cubic  centimeter  of  an  emulsion 
of  material  from  abscesses  from  monkey  number  3269.  At  the  present  time,  one 
month  later,  the  animal  is  still  living  and  seems  to  be  in  good  health. 

INTBAPEBITONEAL   INOCULATIONS   OF   DOGS,   RABBITS   AND   PIGEONS. 

Three  healthy  dogs  weighing  about  8  kilograms  each  were  used  in  these  experi- 
ments. In  every  case  lesions  identical  in  appearance  with  those  described  in  the 
monkeys  developed. 

Ten  rabbits  and  three  pigeons  were  inoculated  with  fresh  material  from  lesions 
and  with  cultures  of  varj'ing  ages,  but  in  all  eases  the  results  were  n^;ative. 

SUBCUTANEOUS    AND    INTRAVENOUS    INOCULATIONS. 

Subcutaneous  inoculations  into  a  large  number  of  rabbits,  guinea  pigs,  dogs 
and  monkeys  all  gave  the  same  results.  Small  nodules  developed  only  at  the 
points  of  inoculation;  these  soon  imderwent  resolution  and  finally  healed.  In 
many  instances  pure  cultures  of  the  Streptothriw  were  obtained  from  the 
discharges. 

Cultures  and  emulsions  of  the  fresh  material  were  used  for  intraveiiOtts  inocula- 
tion of  rabbits,  but  all  the  results  were  negative. 
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INOCUI.ATION8   INTO   MONKEYS*   FEET. 

Monkey  number  3266  was  inoculated  with  fresh  material,  in  the  left  foot,  after 
incision  and  scraping  the  metatarsal  bones.  Sixteen  days  later  a  marked  swelling 
of  the  foot  developed,  and  after  twenty  days,  numerous,  suppurative  lesions 
appeared  between  the  toes,  on  the  ball  of  the  foot,  and  on  the  heel.  The  animal 
died  of  malnutrition. 

Section  of  the  foot. — A  cut  section  of  foot  showed  a  slight  necrosis  of  the  tarsal 
bones  and  numerous  sinuses,  containing  pus,  surrounded  by  necrotic  material 
extended  throughout  the  organ.  A  pure  culture  of  the  microorganism  was  isolated 
from  the  discharge. 

Monkey  number  3310. — Inoculated  with  0.25  of  a  potato  slant  culture  in  the 
ball  of  the  foot.  After  ten  days  a  marked  swelling  developed,  this  afterward  sup- 
purated and  broke  down,  discharging  a  viscid,  cream-like  pus,  containing  a  quan- 
tity of  the  Streptothrix.  At  present  the  animal  is  still  living  and  shows  a 
typical  Madura  foot.     (See  PI.  I,  fig.  2.) 

Monkey  number  3311. — Inoculated  with  0.25  of  a  slant  potato  culture  in  the 
ball  of  the  foot,  the  animal  is  still  living  and  presents  the  same  characteristic 
lesions  as  does  monkey  number  3310.      (See  PI.  I,  fig.  3.) 

HISTORY    AND    LITERATURE. 

Notwithstanding  tlie  inaccessibility  of  many  of  the  older  articles  in 
the  original,  we  have  lK»en  able  to  study  practically  all  of  the  important 
discussions  of  this  subject,  and  from  these,  as  well  as  from  other  refer- 
ences. Miss  Polk,  librarian  of  the  Bureau,  has  ])een  able  to  compile  a  fairly 
complete  bibliography.  Xo  article  of  great  importance,  except  from  an 
historical  standpoint,  existed  before  the  observations  of  Vandyke  Carter, 
which  extended  from  185J)  to  1874.  The  greater  part  of  the  oldest 
literature  is  in  the  English  Army  l^eports  from  India  and  therefore  is 
not  available  to  the  general  public. 

KHmpfer  (1712),  according  to  Schenbe,  was  the  first  European  physician  to 
mention  the  disease,  which  he  discussed  under  the  name  "Perical."  The  same 
author  states  that  Heynes  (1806)  reviewed  the  subject  in  his  historic  and  statis- 
tical news  of  India.  Both  of  these  writers,  and  perhaps  all  others  before  1840, 
confused  Madura  foot  witli  elephantiasis  and  other  independent  diseases.  How- 
ever, to  judge  from  the  translation  of  some  of  the  older  native  names  it  seems 
that  it  was  considered  to  bo  something  specific  and  definite  by  the  natives  of 
India.  Scheube  informs  us  that  Brett  (1840)  was  the  first  author  to  indicate 
that  Madura  foot  is  a  specific  disease. 

During  the  ten  years  from  1840  to  1S.')0,  mention  of  the  disease  occurs 
several  times;  the  following  may  be  mentioned:  Gill  (1842)  reported  it  from 
Madura;  Godfrey  (1844)  from  Bellary;  Colebrook  (1844)  from  Madras; 
Gunther  (1844)  from  (,'oddnpah.  Kyro  (1848)  reported  cases  from  Bellary 
and  according  to  Hirsch  made  the  first  collection  of  the  literature  and  he 
as  well  as  Godfrey  and  Colebrook^  (1850)  gave  a  general  description  of  the 
disease,  the  latter  indicating  its  specific  character.  Scheube  states  that  Ballingal 
(1855)  reported  one  case  and  first  descril)ed  the  infection  in  detail  as  being 
of  a  parasitic  nature.  A  careful  description  was  also  given  by  Eyre  (1860), 
by   CoUas    (1861),    (Hirsch)    and    Biddle    (1862),    who   reported   cases,   and   by 

'Military  Med.  Reports,  Madras  (1850). 
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Hirsch '  (1863  and  1886),  who  gave  a  general  and  historical  review.  Go- 
querel  (1866)  published  a  report  of  one  case  of  mycetoma.  He  recognized  and 
illustrated  the  fungus  elements  present  in  the  lesions.  Hirsch  also  states  that 
Minas  added  several  cases  from  Hindostan  to  the  literature,  and  Atchison  gave 
several  instances  of  the  disease  from  Jhelm  in  the  Punjab.  According  to  Le 
Dan  tec,  Duval,  Ber^nger-F^rand,  and  C^arpot  encountered  cases  which  they  men- 
tioned in  the  literature  in  Senegambia,  and  Legrain  in  Algiers.  Moxon  and  Hogg ' 
note  fungus-like  filaments  in  the  granules  in  an  instance  of  ochraid  mycetoma. 
Bristowe*  made  a  study  of  the  melanoid  granules  in  one  case.  He  recognised 
the  presence  of  a  fungus  which  he  considered  to  be  identical  with  that  discovered 
by  Carter.  During*  and  Roeliefort,*  according  to  Scheube,  also  mention  the 
disease.  Hogg^  studied  a  case  of  the  melanoid  type  and  recognized  the  presence 
of  a  fungus  in  the  black  granules.  The  patient  was  cut  on  the  foot  by  a  stone 
six  months  before  the  development  of  the  symptoms.  Berkeley'  cultivated  a 
fungus  from  specimens  sent  to  him  by  Carter  and  named  it  Chionyphe  oarteri,  but 
subsequently  denied  the  etiologic  significance  of  this  parasite.  Fox  *  reported  cases 
of  the  disease  and  in  discussing  the  etiolog}'  questioned  the  importance  of  the 
fimgoid  elements  which  had  been  described  in  this  connection, 

Lewis  and  Cunningham  '^  after  a  study  of  the  tissues  obtained  from  a  case 
of  the  infection  came  to  the  conclusion  that  mycetoma  was  ^'essentially  a 
degeneration  of  the  fatty  tissues,  independent  of  the  loca,l  presence  oi*  influence  of 
any  parasites  whatever." 

Regardless  of  the  previous  history  of  mycetoma,  we  owe  the  establish- 
ment of  the  condition  as  an  independent  and  specific  disease  to  which  this 
author  gave  the  accepted  name,  mycetoma,  to  the  researches  of  Vandyke 
Carter,  who  began  the  work  in  1859  and  who  finished  his  publications 
by  a  monograph  ^^  in  18?4.  In  the  first  of  his  articles  Dr.  Carter 
strongly  upholds  the  fungus  nature  of  the  infection  and  his  publication 
is  so  complete  as  to  leave  but  little  to  add,  even  at  this  day,  excepting 
discussions  concerning  the  etiology  and  histology  of  Madura  foot.  Carter 
states  that  in  October,  1859,  he  examined  an  amputated  foot  immediately 
after  operation  and  "found  the  clearest  possible  evidence  of  the  true 
fungus  structure  of  the  black  (melanoid)  particles  now  well  enough 
known."  This  observation  was  afterwards  invariably  confirmed  by  him- 
self and,  according  to  his  own  statement,  also  by  Bristowe.**  This  dis- 
cussion concerns  the  black  variety  of  the  infection. 

'Arch.  f.  path.  Anal.,  Berl.  (Virohow's  Arch.)  (1863),  27,  98,  and  Handb.  der 
historisch-geographischen  Path.    (1886). 

*  Trans,  Path.  8oc.  Lend.   (1870). 

^  Trans.  Path.  8oc.  Lend.  (1871)    (Vincent  gives  it  1881). 

'^  Eulenburg's  Real-Ency.  d.  ges.  Heilk.   (3d  ed.)    14,  203. 

''Arch.  d.  Med.  A'ar.    (1876),  25. 

'  Mvd.   Times  and   Gaz.    (1871),   July   22,   93,   and   Trans.   Path.   8oc.   Lond. 

(1872),  18,  294. 

^Mcd.  Press  and  Cir.    (1876),  465. 

^  Trans.    Path.    8oc.    Lond.    (1870),    21,    411,    and    (1871),    22,    320;    Lancet 

(1876),   190. 

'Mlth   An.   Rep.    San.   Com.   Govt.    India,   Calcutta    (1875-88). 

"On  Mycetoma  or  the  Fungus  Disease  of  India,  Ix>nd.    (1874). 

"7Va/j.s.  Path.  iSoc.  Lond.    (1871),   22. 
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In  November,  1859,  Carter  examined  a  foot  before  and  after  amputa- 
tion, and  found  in  it  and  in  the  discharges  from  the  openings  on  the 
surface  "numerous  minute,  pale  particles,  which  also  presented  a  decided 
fungus  structure/^  The  fungus-like  appearance  of  these  bodies  was 
subsequently  confirmed.  Carter  says,  by  the  members  of  the  Medical  and 
Physical  Society  to  whom  he  showed  his  specimens  at  one  of  their 
meetings.  Therefore,  Carter  concluded  that  although  there  were  ap- 
parent differences  between  the  fungi  of  tlie  pale  and  black  types,  and  that 
those  of  th8  former  were  very  peculiar  structures,  Chionyphe  could  be  seen 
to  spring  from  the  particles  (sclerotia)  obtained  from  them  as  well  as 
from  those  of  the  black  variety,  and  it  was  his  opinion  that  the  two  forms 
are  but  varieties  or  different  stages  of  the  same  disease. 

After  further  discussion  Carter  concludes  as  follows : 

"The  foot  disease  of  India  is  not  a  carious,  strumous,  or  myeloid,  or  any 
like  affection;  but  a  veritable  parasitic  disease,  due  to  the  growth  and  extension, 
within  the  tissues  of  the  human  foot,  of  an  indigenous  mould  or  fungus  of  true 
plant  nature." 

It  is  apparent  from  a  review  ^^  of  his  monograph  ^*  that  Dr.  Carter 
was  a  pioneer  in  his  observations  in  the  establishment  of  the  cause  of 
the  disease,  and  in  maintaining  the  identity  of  the  two  varieties.  How- 
ever, the  reviewers  of  his  monograph  criticized  Carter's  conclusions  and 
pointed  to  the  lack  of  evidence  submitted  by  him  in  support  of  the 
parasitic  nature  of  the  so-called  fungus. 

Corre  (1883),  in  reporting  the  notes  of  Dr.  Collas,  states  that  the  latter 
observer  considered  Epulis  gro/vis,  the  pseudo-cancer  of  the  inferior  maxilla  found 
in  Pondicherry,  to  be  identical  with  mycetoma.  Vincent,  Roux  (1888)  and  Brun 
(1893)  describe  the  early  symptoms  of  the  disease;  Lebroux  (Bordeaux  1887) 
in  a  thesis  (not  available  to  us)  discussed  the  whole  subject  of  mycetoma  and 
Bassini  (1888)  reported  a  case  (the  first  in  Europe)  of  melanoid  mycetoma  which 
occurred  in  Italy.  He  recognized  the  fungus  nature  of  the  granules,  the  radiat- 
ing type  of  the  filaments  and  the  irregular  swellings  in  segments.  He  considered 
them  to  be  somewhat  of  the  nature  of  the  AspergiUi  or  Mucorini.  Bassini^s 
|>atient  pricked  his  foot  in  nn  ox  stall ;  the  wound  healed,  but  a  tumor  developed 
and  by  the  seventh  or  eighth  month  the  patient  could  not  walk.  The  fungus  was 
found  in  the  typical  tumor  removed  at  operation,  but  attempts  at  cultivation 
-were  not  successful. 

The  decade  from  1890  to  1900  furnished  a  number  of  interesting  contributions 
to  the  subject. 

Hewlett  (1892  and  1893)  in  his  first  article  descril)ed  findings  obtained  from 
the  study  of  a  preserved  specimen  sent  from  India  and  concluded  that  mycetoma 
is  identical  with  actinomycosis.  In  his  second  paper  he  reports  two  cases  of  the 
ochroid  variety,  and  reiterates  his  belief  that  the  process  is  the  same  as  actino- 
mycosis. 

Kanthack  (1892  and  1893)  studied  sections  from  the  prepared  material  obtained 
from  three  cases  of  the  black  variety;  he  noted  the  fungoid  elements  and  although 

'*  iMncet  (1874),  591. 

""On  Mycetoma  or  the  Fungus  Disease  of  India,  T^md."   (1874),  113. 
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}ie  "found  it  ditHcult  to  C(jn\inee  himself  of  their  vegetable  nature/'  he  thought 
that  they  might  be  degenerating  types  of  an  organism  similar  to  Actin<nnyccs. 
ICanthack  also  examined  sections  from  preserved  material'  taken  from  twelve 
cases  of  the  ochroid  variety,  and  states  that  "the  parasite  of  the  ochroid  variety 
agrees  morphologically  and  structurally  with  the  typical  and  perfect  ray  fungus, 
and  there  can  be  no  reasonable  doubt  that  both  belong  to  the  same  botanical 
group.''  Kanthack  concludes  that  "(1)  the  fish-roe  masses  are  undoubtedly  n 
form  of  actinomyces ;  (2)  the  black  masses  in  their  most  perfect  shape  are  also 
of  this  nature,  but  in  a  state  of  degeneration;  (3)  a  degenerated  form  of  the 
yellow  variety  is  occasionally  found,  in  appearance  not  wholly  unlike  these  black 
masses,  so  that  the  relation  between  all  these  forms  seems  to  be  fully  established.** 

Boyce  and  Surveyor  (1893  and  1894),  in  addition  to  a  thorough  discussion 
of  the  etiology'  of  the  disease  with  special  reference  to  the  difference  between  the 
two  varieties,  have  given  one  of  the  most  succinct  and  comprehensive  general 
descriptions  of  mycetoma  which  we  have  seen.  Their  description  is  so  lucid  and 
brief  that  we  quote  from  it  as  follows: 

"The  Madura  foot  of  India  is  a  very  chronic  affection,  lasting  in  some  cases 
twenty-five  years.  It  is  purely  a  local  disease  of  the  extremities,  chiefly  the 
foot,  and  generalization  has  not  been  observed.  It  usually  occurs  in  people 
who  go  barefoot  and  are  working  in  fields.  In  most  cases  it  has  been  traced 
to  some  injur}'.  The  big  toe  is  often  affected  at  first.  The  disease  stops  at 
the  ankle  for  a  short  time,  then  it  spreads  up  to  the  knee,  and  eventually  may 
even  reach  the  thigh.  One  of  us  has  had  the  opportunity  of  seeing  a  recurrence 
in  the  scar  after  amputation:  this,  however,  must  be  very  rare,  and  amputation 
affords  complete  relief  *  *  *  and  is,  indeed,  one  of  the  most  successful 
operations  in  India.  The  foot  *  *  *  is  greatly  altered;  it  is  enlarged, 
often  many  times  the  natural  size.  The  overgrowth  of  the  foot  is  irregular; 
the  toes  may  become  buried,  •  •  •  and  the  surface  becomes  studded  over 
with  mammillated,  or  even  villous,  projections.  A  large  number  of  the  mam- 
millated  projections  mark  the  presence  of  sinuses,  which  pass  deeply  into  the 
foot;  and  on  Hection  these  may  be  seen  to  honeycomb  it.  From  the  opening  of 
the  sinuses  a  purulent  or  sanguinous  discharge  can  be  pressed  out,  and*  in  this 
are  found,  in  one  series  of  cases,  small  particles  of  a  light  yellow  color,  which 
have  been  compared  to  fish  roe;  while,  in  the  remaining  cases,  deep  brown  or 
black  particles,  resembling  grains  of  gunpowder,  may  be  seen.  The  disorganiza- 
tion of  the  interior  of  the  foot  becomes  very  complete  in  time;  the  bones 
undergo  a  rarcfactive  ostitis,  and  are  ultimately  absorbed,  granulation  tissue 
also  invades  the  muscles  and  fat,  and  lends  to  their  disappearance.  Associated 
with  the  hypertrophy  of  the  granulation  tissue  there  may  be  considerable  hyper- 
plasia of  the  epithelium  of  the  skin.  This  overgrowth  gives  rise  to  the  mam- 
millated ana  papillomatous  projections  previously  referred  to. 

"The  only  difference  which  one  at  present  finds,  clinically  and  microsoopically 
in  the  numerous  cases  of  Madura  fcx)t  is  the  difference  in  the  size  and  color  of 
the  particles.     Carter  termed  that  form  of  the  disease  in  which  the  black  particles- 
were  present  the  **melanoid"  variety,  while  under  the  "white"  or  "ochroid"  were^ 
grouped  those  eases  in  which  tlie  fish -roe  like  bodies  were  found.     It  will 
understood  that  only  those  eases  of  Madura  disease  in  which  the  particles  can 
(ienionstrated   maeroscopieally   or   mieroseopically  will  be  admitted  aa  genuine — - 
The  disease  appears  to  be  confounded  with  scrofula  and  various  forms  of  elephan-- 
tiasis,  in  the  production  of  whieli  probably  other  parasites  play  an  important  part.'*^ 

Boyce  and  Surveyor  examined,   in  a   most  careful  manner,  tissues  from  si 
i'uses  of  the  melanoid  and  from  fifteen  of  the  ochroid  variety  of  the  infection  — 
In  an  addendum  to  their  article,  they  mention  Iiaving  studied  "a  large  numbe^c 
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of  cases  of  the  disease"  including  fifteen  more  of  the  melanoid  type.  The  authors 
"bring  forward  reasons  for  believing  that  there  are  at  least  two  distinct  fungi— r 
one,  a  very  highly  organized  species,  the  other  a  very  delicate  and  lowly  organized 
type,  presenting  very  many  of  the  characters  of  Actinomyces." 

By  the  use  of  sodium  hypochlorite  as  a  clearing  agent  in  the  case  of  the 
black  granules,  and  logwood  as  a  stain,  they  verj'  clearly  showed  the  fungus 
nature  of  the  granules  and  their  illustrations  are  very  clear.  They  write,  while 
discussing  the  granules  of  the  ochroid  variety,  that  whereas  in  some  respects 
these  granules  resemble  those  of  actinomycosis  "it  would  be  rash  to  state  that 
the  white  particles  are  always  actinomycotic."  Boyce  and  Surveyor  failed  to 
grow  the  parasite  upon  artificial  media.  Their  article  is  interesting  and  valuable 
and  may  be  commended  to  anyone  who  wishes  to  review  the  subject. 

In  1894  Boyce  states  tliat  the  orgauism  of  the  black  variety  is  a 
richly  growing  fungus,  which  is  rendered  more  visible  by  solutions  of 
sodium  hypochlorite;  that  of  the  white  one  is  a  more  delicate  organism, 
closely  resembling  that  of  actinomycosis.  This  author  had  secured  ad- 
ditional data  by  means  of  cultures  of  the  parasite.  Agar  tubes,  in- 
oculated by  friends  in  India  and  forwarded  to  him,  were  usually  con- 
taminated by  other  organisms,  but  one  tube  which  contained  the  white 
variety  was,  upon  its  receipt  by  the  author,  free  from  them. 

Microscopic  examination  of  this  culture  showed  colonies  of  a  thick  mycelium, 
firm  and  difficult  to  tear  apart;  the  mycelium  contained  vacuoles,  and  its 
membrane  was  verj^  thin.  Club-shaped  forms  were  not  found  and  dichotomous 
branching  was  present.  Subcultures  were  secured  on  fjnipe  sugar,  agar  and 
glycerin  agar  at  35**  to  37°.  Growth  was  very  slow,  much  more  so  than  in  the 
case  of  Actinomyces.  Colonies  having  a  peculiar  appearance  slowly  developed. 
These  colonies  had  o<ld  markings.  At  first  quadrates  appeared,  following  them 
there  were  more  divisions,  until  finally  they  were  separated  into  many  segments, 
no  fusion  of  the  colonies  being  apparent.  Growth  is  almost  entirely  inhibited  on 
potato  or  on  acid  or  alkaline  bouillon.  There  was  no  formation  of  pigment  on 
potato  or  agar,  the  growth  therefore  diflfered  from  Actinomyces.  A  comparison 
between  the  cultures  and  particles  taken  directly  from  the  foot  showed  great 
similarity. 

The  author  conducted  a  number  of  experiments  with  animals  and 
demonstrated  that  subcutaneous  inoculations  of  rabbits,  guinea  pigs, 
monkeys  and  rats  always  gave  a  local  reaction  which  took  the  form  of 
a  tumor,  increasing  in  size  during  two  or  three  weeks,  after  which  time 
it  became  smaller  and  harder.  Boyce  concluded  that  the  fungus  which 
he  described  was  a  new  variety  causing  the  white  type  of  Madura  foot. 
Boyce  and  Surveyor  (1894)  in  a  third  article,  continue  their  discussion 
of  the  cultivation  of  the  parasite  of  ^ladura  foot.  Tlieir  material  was 
inoculated  into  culture  media  in  India  and  forwarded  to  them  in 
England.  The  following  quotation  from  their  later  work  has  an  im- 
portant bearing  on  the  history  of  the  subject : 

"This  organism  grows  slowly  on  most  of  the  nutrient  media  we  have  tried. 
In  gelatin  and  broth  it  does  not  seem  to  grow  at  all,  but  cultures  taken  from 
these  media  begin  to  grow  when  transferred  to  potato  or  glycerin -sugar-agar. 
On  these  media  the  growth  does  not  appear  to  make  any  progress  for  about  a 
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week,  but  after  that  the  margin  around  the  inoculated  area  shows  slight  pro- 
jections, which  thicken  gradually  and  give  the  growth  a  radiate  appearance. 
Minute  colonies  are  found  around  the  central  growth,  and  these  show  a  cross- 
like depression,  which  becomes  more  marked  as  they  increase  in  size.  The  growth 
is  firmly  adherent  to  the  nutrient  medium  at  the  margins,  while  the  central 
part  is  loosely  attached.     The  color  is  dull  white  or  slightly  pinkish." 

"The  culture  is  brittle  and  crutnbles  easily.  It  grows  best  at  39°.  It  is 
aerobic.  "In  an  atmosphere  of  hydrogen  the  growth  is  excessively  slow.  In  this 
respect  it  differs  from  actinomyces  which  grows  easily  in  an  atmosphere  of 
hydrogen." 

The  organism  was  readily  stained  by  aniline  dyes  and  by  Gram's 
method.  The  filaments  were  long  and  slender,  no  septa  could  be  dis- 
tinguished and  diehotamous  division  was  not  observed.  Inoculation 
experiments  with  the  cultures  were  not  made. 

Tie  Dantec  (1894)  reported  cases  from  Africa.  According  to  Scheube,  Le 
Dantec  cultivated  Staphylococci^  Streptococci^  and  short  bacilli  from  the  truffle- 
shaped  bodies.  In  bouillon  the  bacilli  grew  into  long  filaments  without  ramifica- 
tion. Cultures  on  solid  media  were  only  obtained  by  transplants  from  ];>ouillon 
and  not  directly  from  the  material.  All  cultures  gradually  assumed  a  reddish-rust 
color  and  rabbits  and  guinea  pigs  were  not  susceptible  to  infection  by  them. 

Hatch  and  Childe  (1894)  report  a  case  of  the  black,  or  a  combined  black  and 
ochroid  variety,  in  an  African  negro.  The  disease  primarily  involved  the  knee, 
and  subsequently  extended  to  the  abdominal  wall  and  internal  abdominal  struc- 
tures, particularly  the  lymphatics.  The  fungus  failed  to  grow  on  bouillon  or 
glycerin  agar.  The  descriptions  and  illustrations  of  this  case  show  characteristics 
making  it  probable  that  the  disease  was  actinomycosis  rather  than  mycetoma. 

Vincent  (1894)  reported  a  case  of  ochroid  variety  and  cultivated  a  Streptothri^ 
from  the  lesions.  The  granules  resembled  Actinomyces,  being  yellowish-white  in 
color  and  insoluble  in  potash  and  in  acetic  acid;  when  stained  by  Loeffler's- method 
or  by  fuchsin  and  enlarged  400  to  500  times,  they  were  seen  to  be  made  up  of 
filaments  and  mycelial  debris.  The  peripheries  of  the  granules  showed  filaments 
of  radiating  types.  Vincent  considered  the  parasite  to  be  a  Streptothrix  and 
named  it  8,  madurw.  The  filaments  when  examined  under  the  high  powers  of 
the  microscope  were  shown  to  contain  elements  of  varying  size,  some  being  so 
small  as  to  resemble  micrococci.  Scheube*8  abstract  is  so  satisfactory  that  we 
have  quoted  it,  after  comparing  the  original. 

The  material  used  by  Vincent  for  the  preparation  of  cultures  was  taken  by  him 
direct  from  the  diseased  tissue.  "It  exhibited  birt  little  growth  in  bouillon,  but 
infusions  of  hay  and  straw  (15  grams  to  1  liter)  not  neutralized,  and  therefore 
with  an  acid  reaction  were  found  to  be  suitable  nutritive  media.  The  same  holds 
good  for  meat  soups,  to  which  yellow  turnips,  carrots,  and  more  especially  potatoes 
(20  grams  to  1  liter)  have  been  added,  after  previous  filtration  and  sterilization. 
The  temperature  should  be  about  37"  C;  if  it  is  over  40°,  growth  stops.  The 
cultures,  which  are  placed  in  wide  tubes  or  Ehrlenmeyer*s  fiasks,  to  which  air 
is  accessible,  exhibit  small,  gray  flakes,  round  or  flat,  on  the  fourth  or  fifth 
day;  these  cjing  to  the  wall  and  bottom  of  the  tube,  and  after  from  twenty  to 
thirty  days  attain  the  dimensions  of  a  small  pea.  fsome  of  the  flakes  exhibit 
a  brown  tinge  in  the  center,  while  others  that  lie  near  the  surface  of  the  liquid 
become  pink  or  red  after  a  month  or  two.  The  nutritive  fluid  never  becomes 
cloudy,  for  most  of  the  flakes  lie  at  the  bottom,  where  they  form  a  covering 
which  exceeds  0.5  to  1  centimeter  in  thickness.  The  nutritive  fluid,  previously 
acid,  in  time  assumes  an  alkaline  reaction,  and  becomes  pale-blue. 
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In  ordinary  gelatin  the  Streptothrix  madurce  only  exhibits  a  weak  growth 
of  white  colonies  along  the  inoculative  puncture  on  the  surface.  Vincent  considers 
'fc'hat  the  best  solid  nutritive  soil  is  100  cubic  centimeters  of  an  infusion  of 
liay  or  potatoes,  with  the  addition  of  9  grams  of  gelatin,  4  grams  of  glycerin, 
cmnd  4  grams  of  glucose,  neutralized  and  sterilized  in  the  usual  manner.  The 
/Streptothrix  does  not  liquefy  the  gelatin.  On  this  soil  fine,  luxuriant,  round, 
glazed  colonies  of  a  white  or  pale  yellow  color  are  obtained,  which  later  on 
€i>ften  assume  a  pink  or  even  red  color.  If  very  many  colonies  form  on  the  gelatin 
^hey  remain  small,  but  if  fewer  are  present  they  attain  almost  the  size  of  a  pea. 
*They  then  resemble  an  inoculation  pustule  sunk  in  the  middle,  and  are  of  a 
^white  color,  the  margins  assuming  a  red  tint.  Old  cultures  fade  and  become  dull 
^^«rhite.  The  colonies  are  of  a  horny  consistency,  and  cling  very  firmly  to  the 
siutritive  media. 

**The  parasite  grows  fairly  well  on  milk  without  coagulating  it,  though  it 
Ibecomes  slowly  peptonized.  On  eggs  and  serum,  however,  it  does  not  flourish 
sit  all. 

"On  potatoes,  from  the  fifth  day,  and  at  37®,  small,  uncolored,  or  whitish 
prominences  are  seen,  which  assume  a  pale,  reddish  color  after  a  month.  This 
j^adually  deepens  and  becomes  sometimes  a  bright  pink,  sometimes  orange-color 
or  red,  sometimes  a  fine,  dark  red.  This  occurs  particularly  when  the  potatoes 
^ave  a  strong  acid  reaction,  whereas  on  some  potatoes  there  is  no  coloring  at  all. 
On  carrot  media  the  red  coloring  is  more  pronounced  than  on  potato. 

"Some  colonies  are  covered  by  a  fine,  white  dust  which  consists  of  spores. 
"The  parasite  is  aerobic.     The  parasite  stains  well  with  basic  aniline  s£ains, 
more  faintly  with  safranin  and  eosin.     It  can  also  be  stained  according  to  the 
methods  of  Gram  and  Weigcrt.     A   solution  of  iodine  stains  it  yellowish-brown, 
while  haematoxylin  causes   it   to  assume  a   violet   color. 

"The  fungoid  filaments  are  finer  in  the  cultures  than  in  th«  little  bodies  de- 
scribed above;  their  breadth  does  not  exceed  1  ti.  The  irregular  swellings  and 
contractions  observed  in  the  little  bodies  are  not  obserVed  in  the  cultures,  which, 
however,  when  two  weeks  old  often  exhibit  a  series  of  spores  at  the  end  of  the 
filaments.  They  are  ovoid,  light  refracting  and  about  1.5  fi  in  breadth  and  2 
H  in  length.  They  stain  well  with  aniline  dyes  and  according  to  Gram's  method. 
They  exhibit  very  little  resistence  to  heat;  they  are  killed  in  three  minutes  at  85°, 
and  in  five  minutes  at  75°.  The  cultures  that  do  not  carrj'  spores  die  in  three 
to  five  minutes  at  60°. 

"The  formation  of  spores  takes  place  best  where  the  mycelium  comes  into 
contact  with  the  air,  and  this  is  the  case  in  fluid  mutritive  media  as  well  as  on 
potato.     Cultures  with  hay  broth  are  the  most  suitable  for  this  purpose. 

"One  may  actually  see  the  spores  develop  in  fresh  broth  and  in  suspended  drops. 
"The  cultures  are  very  resistant  to  desiccation;  even  after  a  period  of  twenty- 
one  months  they  exhibited  a  capacity  for  development. 

"The  Streptothrix  madurw  does  not  prove  pathogenic  to  animals  (rabbits. 
guinea  pigs,  mice,  cats).  Bocarro's  experimental  transmissions  with  fresh 
material  of  both  varieties  were  negative  in  rabbits  as  well  as  in  dogs.  Nocard 
alto  inoculated  with  cultures  guinea  pigs,  rabbits,  pigeons,  hens,  dogs  and  sheep, 
by  intravenous,  subcutaneous  and  intraperitoneal  inwulations,  with  negative 
results  in  every  case. 

"By  means  of  parallel  cultures  arrange<l  and  kept  under  exactly  the  same 
conditions,  Vincent  confirmed  the  difTerence  between  the  Streptothrix  madurw 
and  the  actinomyces,  as  shown  on  the  table. 

"Boyce  and  Surveyor  likewise  succeeded  in  cultivating  a  streptothrix  in  a  case 
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of  the  white  variety;  it  exhibited  a  condition  similar  to  that  cultivated  by  Vincent, 
but  no  ramifications  and  spores  could  be  discovered. 

''Legrain  could  not  cultivate  colonies  in  infusions  of  hay,  but  succeeded  in 
doing  so  on  gelatin  with  malt  and  peptone.  The  colonies  were  round,  prominent, 
glazed,  very  adherent  to  the  lower  surface,  at  first  pale,  then  golden-yellow,  and 
soon  after  became  of  a  vivid  red  color  and  finally  became  decolorized. 

"In  the  nodules  which  exhibited  suppurative  degeneration,  Vincent  found 
Staphylococcus  pyogenes  albvs  and  aureus  in  addition  to  the  parasites  described." 

Vincent  gives  the  following  comparative  table  of  the  cultural  char- 
acteristics of  S.  madurw  and  Actinomyces : 

Table  No.  I. — Comparison  heliceeii  S.  imulurie  and  ActUiomyceS' 


Mo.  ■    Cultures  or  inoculatioiiB. 


1 

2 

3 
4 


6 


Peptonized  beef  tea 

Sterilized  infusion  of  hay 

or  straw. 
Ordinary  peptone-gel^itin-. 
Gelatin  with  infusion   of 

hay. 

Glycerin  gelatin ._. 


Streptothrix  maduree. 


Potato. 


8 

9 

10 

11 


Cabbage,    yellow    turnip, 

carrot. 
Serum 

Egg 

Cultures  in  areas  deprived 

of  air. 
Inoculations 1 


Moderate  growth 

Principal  nutritive  soil;  growth 

rapid  (4  days)  and  luxuriant. 

Does  not  liquefy 

Very  quick  growth;  the  culture 

becomes  pink  or  red  on  the 

surface. 
Colonies  which  at  first  are  white, 

then  pink  or  red,  and  umbil- 

icated. 
Bright  pink,  vivid  or  dark  red 

culture;  does  not  brown  the 

substratum. 

Growth™ _ 


Actinomyces. 


No  growth 

do 

do 


Not  transferable  to  any  animal  ._ 


Luxuriant  growth. 
No  growth. 

Liquefies. 

Whitish.  very  weak 
culture. 

At  first  white,  later  on 
grayish  spots;  folded. 

Close,  wart-llke  yellow  and 
white,  black-edged  col- 
onies; potato  becmnes 
brown. 

No  growth. 

Growth. 
Do. 
Facultatively  anaerobic. 

Transferable  to  rabbits, 
guinea  pigs,  calves. 


S,  madunE  accordino:  to  Vincent  differs  culturally  from  the  fungi 
isolated  by  Xocard/^  Almquist,^**  and  Eppinger.^^  The  Nocard  organism 
develops  rapidly  in  peptone-bouillon  and  it  does  not  grow  in  hay  infusion. 
The  cultural  characteristics  upon  agar  and  potato  present  no  analogy. 
Nocard's  organism  is  inoculable  in  guinea  pigs. 

Vincent  also  discusses  the  question  of  the  identity  of  actinomycoeis 
and  mycetoma  and  notes  the  following  differences:  Potassium  iodide 
does  not  give  the  same  positive  results  with  Madura  foot  as  it  does  with 
actinomycosis.  Different  results  are  obtained  with  the  two  parasites 
not  only  morphologically  but  also  in  cultures  in  various  media  and  i 
inoculation  experiments. 

^^  Ann.  d.  V  inst.  Pasteur  (1888),  2,  293. 

'*Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.    (1890),  7,   189. 

»'Wten.  Klin.  Wchnsch.    (1890). 
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Vincent  and  Geniy  (189(5)  mention  a  second  case  of  ochroid  variety 
and  the  cultivation  of  the  same  Streptothrix  already  reported  by  Vincent. 
Preliminary  mention  was  also  made  by  these  authors  at  the  Congr^s  de 
Dermatologie  et  de  Syphilis  in  Paris  on  April  *^5,  1892.^^ 

Shattuck  (1898)  reported  to  the  Pathological  Society  of  London  a 
case  which  he  designated  as  Mycetoma  papiUomatosum.  The  skin  ex- 
hibited a  ])ronounced  papillomatous  condition,  and  secondary  papillae 
with  sinuses  and  fungi  were  found  within  the  larger  growths.  Mait- 
land  (1898)  reported  a  case  involving  the  thigh  and  abdominal  wall  of 
a  man,  and  Smyth  (1898)  published  one  involving  the  tissues  of  the 
neck. 

Plehii,  according  to  Sdieube,  observed  three  cases  in  Suahelinese  on  the 
Tanga  coast;  however,  probably  these  had  been  carried  to  that  point  from 
India.  Vincent  mentions  the  fact  that  I^yet  encountered  the  disease  in 
Chile  and  Crookshank  (1897)  discussed  the  infection  after  collecting  data  ob- 
tained by  the  examination  of  a  specimen  sent  from  India.  Boccaro  (1893) 
analyzed  one  hundred  cases,  and  in  seventeen  instances  he  saw  evidence  of  a 
prick  by  an  acacia  thorn.  In  many  of  these  cases  the  thorn  itself  was  found. 
The  same  author  also  reports  a  case  of  mycetoma  involving  the  tissues  between 
the  vertebral  column  and  the  scapula.  Descriptions  of  the  infection  are  also 
given  by  Delbanco  (1897  and  1898);  by  Huntly  (1890  and  1899),  Kobner 
(1891),  Paltauf  (1894),  Ruelle  (1893),  Shah  (1893)  and  the  pathology  is 
fully  outlined  by  Unna  (1897). 

The  first  case  in  America  was  reported  by  Kemper  and  Jameston,^*  but  the 
article  is  not  available  to  us. 

Adami  and  Kirkpatrick  "  studied  a  case  of  the  ochroid  variety  in  Canada  and 
considered  the  granules  to  he  identical  in  appearance  with  those  from  actino- 
mycosis, and  Hyde,  Senn  and  Bishop  (1896)  reported  one  from  Chicago.  In  the 
latter  instance  the  fungus  suggested  Actinomyces.  No  club-shaped  forms  were 
seen,  and  in  sections  the  central  portion  of  the  granules  stained  faintly  with 
hsematoxylin.  Under  high  power,  delicate,  radiating  filamentary  threads  were 
observed  in  the  masses.  Delbanco,  (1897)  (according  to  Scheube)  who  studied 
materials  sent  him  by  the  authors  reporting  this  case,  concluded  that  it  was  acti- 
nomycosis and  not  Madura  foot.  The  record  of  Pope  and  I^amb's  case  (1896)  is 
not  available  to  us.  Arwine  and  Lamb**  (1899)  mention  another  case  in  a  native 
of  Texas.  Dr.  Carroll  who  examined  sections  from  the  specimen  considered  the 
disease  to  be  actinomvcosis. 

J.  H.  Wright^'  (1898)  reviewed  some  of  the  literature  of  the  subject  and 
reported  one  case  of  the  melanoid  variety  from  the  service  of  Dr.  Beach  in 
the  Massacliusetts'  CJeneral  Hospital  in  Boston.  Wright's  patient  was  an 
Italian  woman  who  had  resided  in  the  I'nited  States  for  several  years,  but  the 
disease  had  been  noticed  less  than  a  year  before  she  came  under  his  care.  The 
clinical  manifestations  of  tlie  infection  and  the  pathological  alterations  in  the 
specimen  taken   from   this   patient,   as   they   are   described   by   Wright,   are   very 

^'^  Ann.  de  dermal.    (1892),   May. 
"Aw.  Practitioner  (1876),  577. 

^  Trans.  Ass.  Am.  Physicians  (1895),  10,  92,  and  Montreal  Med.  Journ. 
(1905-6),  24,  485. 

^Am.  J.  Med.  *Sc.   (1899),  N.  S.  188,  393. 
^J.  Kxp.  Med.  (1898),  3,  421. 
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similar  to  those  which  have  been  given  by  other  authors.  The  description  of 
the  granules  is  very  clear  and  Wright  ntates  that  when  bleached  and  softened  by 
solutions  of  sodium  hypochlorite  or  of  potassium  hydroxide,  they  are  "found  to 
consist  of  a  mass  of  fungus  structures,  together  with  more  or  less  brown,  pig- 
mented imbedding  or  investing  material,  as  described  and  figured  by  Boyce  and 
Surveyor."  No  spores  were  ob8er>'ed  and  the  test  for  hsemin  in  the  granules  was 
negative.  The  latter  were  deeply  stained  by  the  basic  aniline  dyes,  but  not  by 
hematoxylin.  "The  Gram  stain  and  the  Weigert  fibrin  stain,  or  modifications 
of  them,  stain  the  substance  of  the  granules  to  a  variable  extent  depending  on 
the  amount  of  the  decolorizing  agents  applied."  Wright  cultivated  a  *^Hypho- 
mycete"  from  approximately  twenty-five  of  sixty-five  of  the  black  granules. 
Htapylococcus  alhus  also  grew  in  moHt  of  his  cultures.  The  growth  developed  from 
the  granule  used  in  inoculation  and  appeared  after  an  interval  of  four  or  five 
days  or  even  later.     Gro\vth  occurred  as  follows  in  most  of  the  media  u»ed: 

Potato. — A  dense,  widely  spreading,  coherent  layer  of  velvety  surface;  pale 
brown  in  the  central  portion  and  white  at  the  edges.  Small  droplets  of  dark, 
coffee-colored  fluid  develop  on  the  surface  of  the  cultures.  The  medium  becomes 
dark  brown  and  very  moist. 

Bouillon. — Growth  proceeds  from  the  inoculated  material  in  fine,  radiating 
filaments  and  produces  a  puffball-like  appearance,  and  eventually  the  whole  fluid 
is  filled  up  with  radiating  mycelia,  the  fluid  becomes  a  deep  coffee-brown  color 
and  a  mycelium  layer  develops  on  the  surface. 

Potato  infusion  {20  grama  boiled  in  watery  uyith  a  finished  filtered  product  of 
1,000  cubic  centimeters  and  not  neutralized). — Growth  is  much  the  same  as  in 
bouillon,  but  no  surface  layer  appears  and  in  old  cultures  there  are  found 
numerous,  black  granules  about  1  millimeter  or  less  in  diameter  in  the  midst  of 
the  mycelium. 

"These  granules  consist  of  closely  packed,  spherical  or  polyhedral  cells,  together 
with  some  short,  thick,  segmented  liyplise.  The  walls  of  these  cells  have  a  black 
appearance  and  masses  of  them  are  black  and  opaque  under  the  microscope. 
Wright  considered  these  granules  to  be  "masses  of  interlacing  hyphse  whose 
segments  have  been  much  shortened,  and  widened  and  otherwise  changed."  They 
were  examined  by  W.  G.  Farlow  and  pronounced  to  be  *Sclerotia.* 

Agar  {plain  and  glucose). — "Growth  appears  as  a  mesh  work  of  widely 
spreading  filaments,  of  grayish  color,  on  the  surface  of  the  medium."  "Sclerotia" 
develop  in  old  cultures,  and  in  slant  cultures  growth  only  takes  place  on  the 
surface. 

Morphologically  the  Hyphomycete  consists  of  long,  branching  hyphse  from  3  to 
8  Ai  in  diameter.  Young  forms  show  delicate  transverse  septa  and  older  ones 
swellings  at  the  points  of  branching  and  the  hyphap  may  appear  as  a  string  of 
oval -ended,  plump  segments.  Tlie  filaments  have  a  definite  wall  and  branching 
occurs  by  lateral  budding.     No  spore-bearing  organs  were  observed. 

Animal  inoculations.* --"^o  results  were  obtained  from  the  inoculation  of 
animals   with   the  original   granules  or   with   cultures." 

Histology. — "The  tissues  composing  the  nodules  consist  essentially  of  a  forma- 
tion of  more  or  less  atypical  connective  tissue  in  various  stages  of  development 
in  which  foci  of  suppuration  are  present  in  association  with  granules. 

"Some  of  the  granules  lie  in  small  cavities  c(mtaining  polynuclear  leucocytes. 
loose  epithelial  cells  and  cellular  detritus.  These  cavities  may  be  lined  either  by 
a  wall  of  vascular  granulation  tissue  or  by  massess  of  epithelioid  cells,  together 
with  multinucleated  giant  cells.  Other  granules  are  closely  invested  by  a  zone  of 
epithelioid  and  giant  cells,  and  outside  of  this  there  may  be  an  infiltration  with 
lymphoid  and  plasma  cells.     The  nodule  thus  formed  about  the  granule  resembles 
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very  closely  a  tubercle  in  structure.  The  giant  cells  are  often  of  large  size  and 
may  have  a  peripheral  arrangement  of  their  nuclei.  They  are  a  very  prominent 
element  in  the  lesions. 

*'The  primary  effect  produced  by  the  parasites  upon  the  tissues  seems  to  be  the 
development  of  nodules  of  epithelioid  cells  and  of  giant  cells  from  the  tissues  im- 
mediately about  them.  Later,  suppurative  processes  occur  *in  the  nodules  and 
Abscesses  are  formed,  which  in  the  tissue  give  rise  to  the  development  of  granu- 
lation and  connective  tissue  in  large  amount.*' 

l.'nna  and  Delbanco's  ( 1900)  discussion  of  the  subject  is  mentioned  by  MacLeod, 
l^rumpt  (1901)  reported  a  case  of  the  black  variety  of  mycetoma  from  Suakim, 
JSudan.  He  gives  the  usual  description  of  the  granules.  The  grains  are  composed 
of  an  enveloping  membrane  made  up  of  mycelial  filaments.  The  inner  portion  is 
v^ery  friable  and  easily  crushed.  Cultures  in  hay  infusion  and  bouillon  gave  neg- 
i]i.tive  results.  Fourlerton  and  Jones  (1902)  published  an  exhaustive  article 
dealing  with  the  pathogenesis  of  the  Streptothrix  group  in  general;  the  authors 
i  n  discussing  Mycetoma  consider  Streptothrix  madurw  Vincent  as  the  cause  of  the 
ochroid  variety,  and  J.  H.  Wright's  Streptothriw  as  that  of  the  black  type. 

L^veran  ^  studied  an  anatomical  specimen  of  the  black  variety  sent  to  him  by 
IBouffard.  He  found  and  described  a  Sireptothrix  in  the  granules  and  named  this 
<i»rgan  8,  mycetomi.  The  author  does  not  report  any  experiments  in  the  culti- 
"vation  of  the  fungus. 

Madden  **  published  two  cases  of  the  pink  variety  of  mycetoma  occurring  in  the 
2Sudan.  In  one  of  the  patients  the  primary  lesion  was  in  the  thigh,  and  later 
'tihe  disease  involved  the  abdominal  wall.  Pinoy  succeeded  in  one  month  in  culti- 
^•ating  a  Streptothrix  in  anaerobic,  sweetened  bouillon.  With  these  cultures  he 
"«va8  able  to  infect  a  pigeon's  foot. 

Scheube    (1903)    discusses  the  question  of  the  identity  of  actinomycosis  and 
^fadura  foot  as  follows: 

**I  need  only  recall  the  different  size  and  coloring  of  the  fungoid  masses,  in  the 

"two  diseases,  their  different  localization,  and  the  difference  of  their  course,  which 

in   Madura  foot  is  more  benign  an<l   more  <'hronic   tlian   in   actinomycosis.     The 

pronounced  tendency  also  for  actinomycosis  to  spread  to  other  near  or  distant 

parts  of  the  body,  to  attack  the  internal  organs,  and  the  transmissibility  of  acti- 

:nomycosis  to  healthy  persons,  are  qualities  which,  at  least  according  to  our  present 

knowledge,  are  not  possessed  by  Madura   foot.     Moreover,   the  hyphomycetes  of 

Madura  foot  are  more  delicate,  and   stain   remarkable  well    with   hematoxylin, 

showing   the   prisms   and   columns   described   above   as    staining   with    difficulty. 

Actinomycosis,  on  the  other  hand,  is  not  stainable  with  huematoxylin  and  develops 

clubs  and  knobs  which  are  difficult  to  stain." 

Manson  (1906)  in  discussing  »S.  niadurcp  Vincent  considers  that  "though 
closely  allied  to  the  better  known  funjjns  (Artinomyccs),  apparently  it  is  not 
specifically  identical  with  it." 

Nicolle  and  Brunswic-I^Bihan  ^  rejnnt  myci'tonia  in  an  Arabian  woman.  The 
original  lesion  was  produced  by  a  barley  spore  introduced  one  ye^r  before  the 
mycetoma  was  established,  and  Nicolle  and  Pinoy  -"•  report  a  case  of  the  ochroid 
variety  of  the  disease  in  an  Arab.  They  described  and  cultivate  a  Streptothrix 
from  the  lesions.  The  organism  was  grown  upon  sweetened  hay  infusion  and 
developed  on  the  surface  of  the  medium  as  a  light  gray  superstratum  upon  a 

''Bui.  Acad,  dc  Med.   (1902),   (3),  47,  773. 
'V.  Trop.  Med.  (1902),  5,  243. 
"^Bul.  Acad,  de  Med.   (1906),  (3),  55,  132. 
*>4rc/i.  d.  Parnsit.  (1906),  10,  437. 
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brownish-red  membrane.  The  authors  consider  carrots  to  be  the  best  medium  for 
rapid  development  of  the  organism,  and  growth  occurs  best  at  37**,  appearing  an 
a  white  scum  which  rapidly  becomes  yellowish.  Small  spots  of  various  colors 
also  develop,  according  to  the  acidity  of  the  media,  the  colors  varying  from  grayish 
to  brick  red.  Roux  tubes  in  which  were  placed  reeds  and  water,  sterilized,  con- 
stitute a  favorable  culture  medium.  In  less  than  forty-eight  hours  a  glaucescent 
growth  covers  the  surfaces  of  the  reeds. 

Potato. — A  white  growth  develops  in  forty-eight  hours,  this  increases  up  to 
eight  days,  becoming  brownish.     The  medium  becomes  dark. 

Gelatin. — On  this  medium  the  growth  is  very  feeble  and  no  liquefaction 
occurs. 

Agar  and  Sahourand^s  geJose. — ^Tlie  growth  consists  of  a  brownish,  folded 
membrane  frosted  with  white,  slowly  becoming  yellow. 

Animal  experiments. — Subcutaneous  inoculation  of  monkeys  and  rabbits  gave 
negative  results.  Subcutaneous  inoculation  in  the  foot  of  a  rat  produced  small 
granulations  which  contained  mycelial  filaments;  these  granulations  were  grad- 
ually reabsorbed.  Intravenous  inoculations  in  rabbits  were  without  result.  The 
author  discusses  the  question  of  the  etiology  of  the  disease  and  the  identification 
of  the  fungi. 

E.  Brumpt  ^  has  written  a  critical  review  of  the  entire  subject  with  particular 
reference  to  the  parasites.  He  divides  the  fungi  into  two  genera  and  several 
species,  gives  the  generic  and  specific  diagnosis  of  each,  and  places  the  previously 
described  parasites  in  what  he  considers  their  proper  position.  He  considers 
mycetoma  to  be  a  clinical  type  of  disease  which  may  be  caused  by  any  one  of  the 
several  species  of  Htreptothrix  which  have  been  described  by  various  authors.  The 
work  is  very  exhaustive  and  the  plates  are  excellent,  but  after  close  study  it 
seems  to  us  that  his  classification  has  been  made  upon  insufficient  data. 

Foulerton  (1907)  in  his  recent  and  complete  study  of  the  pathology  of 
atreptothrix  infections  in  general,  divides  the  group  into  several  classes  according 
to  the  lesions  produced,  the  cultural  characteristics,  and  so  on;  in  one  of  these 
groups  he  includes  H.  madunje  Vincent  and  the  other  allied  organisms  which 
from  time  to  time  have  been  published  as  the  etiologic  agents  in  Madura  foot. 
The  author  was  unable  to  demonstrate  acid-fast  properties  in  cultures  of 
S.  madurw  with  which  he  worked.  In  considering  the  acid-fast  properties  of 
Htreptothrix  in  general,  the  author  states  that  the  number  of  these  organisms 
is  still  too  small  to  justify  fully  definite  conclusions,  and  in  addition  to  B. 
tuberculosis  and  other  well  known  bacilli  of  the  same  type,  he  mentions  8,  ep- 
pingeriy  S.  nocordiiy  fH.  caprw  as  well  as  Sabrazis'  and  Riv^re's  organisms  as 
having  a  ^milar  acidfai^t  character.  As  our  own  Streptothriw  is  of  this  class 
of  acid-fast  organisms,  a  comparative  study  of  the  group  is  interesting  and  will 
be  taken  up  more  in  detail  in  a  subsequent  paper. 

Wright  *•  in  Osier's  Modern  Medicine  discusses  the  question  of  the  existence 
of  two  varieties  of  the  disease.  This  author  states  that  "at  the  present  time 
the  ochroid  or  pale  form  of  mycetoma  must  be  regarded  as  actinomycosis  of  the 
part."  However,  in  the  melanoid  variety  he  recognizes  the  specific  fungoid 
nature  of  the  affection,  although,  as  he  himself  states,  the  etiology  of  the 
disease  remains  to  l)e  proved  by  animal  experimentation.  Wright  •  was  probably 
the  first  one  to  cultivate  the  fungus  of  the  black  variety.  Its  cultural  character- 
istics have  been  {jiven  and  are  shown   in  the  parallel  column  of  Table  II  facing 

paj^e  500. 

"^  Arch.  d.  parisit   (190G),  10,  489. 

=«  Osier's  Modern  Medicine   (1907),  1,  344. 

^  T^K*.  cit. 
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A  very  recent  article  by  MacLeod "  discusses  the  etiology  of  the  disease  in 
the  following  manner:  "It  is  caused  by  the  presence  in  the  skin  and  underlying 
tissues   of  a  Strepiothrix  closely   allied   to,   but   differing   from,   actinomycosis. 
The   name  Strepiothrix  madurce  has   been   given   it   by   Vincent.     This   fungus 
forms  the  *fish   roe'  like  granules  of  the  white  variety,  which   is  the  common 
form  of  the  disease.''     The  author  in  describing  the  nature  of  the  black  variety 
states  that  there  is  a  considerable  variance  of  opinion,  but  lie  does  not  adhere 
to  the  belief  that  its  fungus  is  a  degenerative  condition  of  the  infection  produced 
by  the  white  type,  but  rather  that  it  is  a  different  species,  as  is  claimed  by 
several   writers.     MacLeod   also   recognized   a   red   variety   of   the   mycetoma    in 
addition    to   the   ochroid    and    melanoid   types.     Jn    considering    the    differential 
diagnosis  of  the  disease  from  actinomycosis  the  author  states:   "Actinomycosis 
is  a  disease  which  is  transmitted  from  animals  to  man,  and  can  be  inoculated 
in  animals;  it  occurs  in  temperate  latitudes,  often  runs  a  rapid  course,  affects 
internal   organs   and   mucous   membranes,   and   has   yellow   granules   in   its   dis- 
charges;   Madura  foot  is  confined  to  man,  has  not  been  successfully  inoculated 
in   lower  animals,  occurs  in   the  tropics,   runs  a  slow  course,  does   not  become 
generalized,  and  presents  granules  of  various  colors." 

Caminiti  *'  ( 1907 )  reports  a  new  Strepiothrix  and  discusses  very  fully  the 
whole  group  of  Strepiothrix;  however,  but  little  attention  is  given  to  mycetoma. 

DISCTJSSIOXS   AND   CONCLUSIONS. 

The  study  of  our  case  of  Madura  foot,  a  report  of  which  is  given 
in  the  first  part  of  this  paper,  after  a  careful  review  of  the  literature, 
establishes  for  the   first  time  definitely  so   far  as  we  have  been  able 

ft' 

to  determine,  the  etiology  of  mycetoma  according  to  the  usual  re- 
quirements of  investigators,  including  the  transmission  of  the  disease 
by  animal  experiment.  The  causative  organism  we  have  determined  to 
be  a  Strepiothrix,  and  as  it  apparently  differs  from  previously  described 
fungi  of  the  same  genus  we  have  named  it  Streptothrix  freeri.  We 
believe  this  investigation  fully  establishes  the  etiologic  importance  of 
S,  freeri  in  one  case  of  the  pale  or  ochroid  variety  of  Madura  foot,  but 
nevertheless  we  are  of  the  opinion  that  it  does  not  finally  settle  the 
entire  question  of  the  etiology  of  the  disease.  Some  of  the  most  im- 
portant questions  open  for  discussion  are  as  follows: 

1.  Is  S.  freeri  sufficiently  different  from  previously  described  organ- 
isms to  entitle  it  to  be  classified  as  a  new  species? 

2.  Is  mycetoma  a  distinct  disease  etiologically,  or  is  it  one  type  of 
manifestation  of  more  than  one  species  of  Streptothrix  infection? 

3.  Are  the  "ochroid"  and  **melanoid"  varieties  different  stages  of  a 
single  etiologic  entity,  or  are  they  due  to  different  species  of  Streptothrix? 

4.  What  is  the  relation  of  mycetoma  to  actinomycosis? 

Jn  spite  of  all  of  the  admirable  older  investigations  on  the  subject 
^nd  giving  all  due  credit  to  the  writers  of  former  contributions,  there 
^re  but  two  articles  dealing  with  the  etiology  of  the  disease  which  are 

»Albutts'  System  of  Medicine   (1907),  2,  754. 
''Centrbl.  f.  Hukteriol.  Orig.    (1907).  44,   193. 
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suflSciently  clear  and  which  follow  required  methods  closely  enough  to 
be  of  value  in  a  comparative  study.  These  are  Vincent's  report  on  S, 
madurcB.eLa  the  cause  of  the  infection  in  the  ochroid  variety,  and  Wright's 
article  reporting  a  Uyphomycete  as  the  etiologic  factor  in  the  melanoid 
type  of  the  disease.  The  work  of  both  these  authors  seems  to  have  been 
carefully  carried  ©ut  and  their  conclusions  appear  to  be  sound,  but  in 
neither  investigation  did  the  authors  establish  the  etiologic  relation  of 
their  organisms  to  Madura  foot  by  experiments  on  animals.  However, 
leaving  this  omission  out  of  consideration  and  studying  the  cultural 
characteristics  of  their  fungi  alone,  the  evidence  seems  to  be  condusive 
that  S.  freeri  differs  from  both  of  their  organisms.  This  is  not  only  so, 
but  when  we  compare  its  characteristics  with  the  description  of  other 
species  of  pathogenic  Streptothrix  which  have  been  cultivated  by  others, 
we  find  our  organism  clearly  to  be  distinct.  The  table  opposite  gives 
a  comparative  summary  of  the  cliaracteristics  of  six  of  these  Streptothrices, 
and  it  includes  those  of  S,  actinomyces. 

There  can  be  no  reasonable  doubt  but  that  all  types  of  mycetoma 
are  due  to  Streptothrix  infections,  but  whether  all  the  forms  are  caused 
by  an  infection  with  a  uniform  organism  or  whether  more  than  one 
species  plays  a  part  in  the  disease,  can  not  now  positively  be  stated. 
However,  it  is  very  probable  that  Madura  foot  may  be  produced  by  any 
one  of  several  species  of  Steptothrix,  and  that  lesions  of  etiology  identical 
with  the  ones  occurring  in  the  foot  may  be  produced  in  various  parts 
of  the  body.  Such  infections  are  now  occasionally  recognized.  It  seems 
likely  that  some  of  these  lesions,  located  in  places  other  than  the  foot, 
are  not  considered  to  be  mycetoma,  more  because  of  their  location  than 
because  of  any  specific  differences  in  the  parasites.  However,  if  the 
methods  employed  by  observers  who  have  reported  mycetoma  in  parts 
of  the  body  other  than  the  foot  are  examined,  it  is  certain  that  the 
diagnoses  of  these  infections  were  based  upon  morphologic  considerations 
of  the  Streptothrix  as  a  whole,  and  therefore  were  not  conclusive  as 
to  the  determination  of  species. 

S.  freeri  is  as  pathogenic  for  monkeys,  when  it  is  inoculated  in  the 
deep  tissues  in  other  parts  of  the  body,  as  it  is  when  injected  into  the 
foot,  where  it  produces  typical  mycetoma  clinically  and  pathologically. 
It  seems  probable  that  mycetoma  most  often'  occurs  in  the  foot  because 
of  the  accidents  to  which  that  member  is  exposed  and  in  this  connection 
it  may  be  stated  that  the  right  foot  is  more  frequently  affected  than  the 
left  one.  If  the  general  infections  produced  in  animals  by  S.  freeri 
prove  to  be  experimentally  practical  with  other  types  of  the  disease, 
then  Madura  foot  becomes  a  variety  of  streptothricosis  differing  from 
other  types  more  in  anatomical  position  than  in  specific  etiologic 
distinctions. 

The  review  of  the  literature  which  has  been  given  shows  that  there 
is  much  difference  of  opinion  in  re<rard  to  the  etiology  of  Madura  foot. 


Actinomyces  according  to  Wright. 


Mun  uiid  lower  animals 

Varies  in  the  difTcrent  media. 


Sometimes  forms  clubs 


All  strains  of  the  micro-organism  stain  well  by  Gram's 
method  with  the  exception  of  one.  Smear  preparation 
from  i-ultures  of  ten  cases  were  not  found  acid-fast 
toward  (labbet's  decolorizing  solution  after  staining 
witli  carbol  fuchsin. 


Anaorobic  preferences 


(irowth  occurs  in  bouillon  in  the  form  of  solid,  whitish 
masses  at  the  bottom  of  the  tube ;  there  is  never 
growth  at  the  surface.  When  first  Isolated  from  the 
lesions  these  masses  of  growth  appear  in  the  form  of 
nodular,  irregular,  spherical  structures,  often  coherent 
to  one  another  and  forming  mulberry-lilce  masses. 
I'ndor  continued  cultivation  most  of  the  strains  of  the 
microorganism  grow  in  the  form  of  flalcy,  friable, 
amorphous  masses,  which  in  some  in.stances  after 
some  da]i8  in  the  incubator  became  transformed  into 
stringy,  viscid  material.  One  strain  after  months  of 
rultlvation  still  retained  itr  mulberry  like  character. 
Medium  not  clouded. 

Tubes  were  inoculated  with  fourteen  strains  and  main- 
tained under  both  anaerobic  and  aerobic  conditions. 
Some  slight  or  doubtful  growth  was  abservcd  on  six. 


Fourteen  strains  were  planted  and  all  except  two  were 
(»bservcd  under  both  anaorobic  and  aerobic  conditions ; 
in  no  instance  was  anything  like  a  luxurient  growth 
obtained. 


Cultures  of  five  strains  were  placed  under  anaerobic  con- 
ditions. In  no  instanee  was  evidence  of  growth  ob- 
tained except  in  one  tube,  in  whlt-h  there  might  have 
been  a  slight  growth. 


Streptothrix  freer!  according  to  Musgrave  and  Clegg. 


Man ;  foot. 

Long  branching  filaments,  2  to  7  /a  in  diameter.  Trans- 
verse segments  are  shown  of  various  lengths  from 
coccoid  to  10  lA  in  length.  Branching  occurs  as 
lateral  hyphae  developing  from  the  segments.  The  fil- 
aments have  a  definite  wall.  Spores  have  not  been 
observed. 


Smear  preparation  from  lesions  and  cultures  from  5 
days'  to  2  months'  old  stained  by  Zlehl-Neelson's 
method  showed  many  acid-fast  portions.  These  were 
also  alcohol-fast.     Stain  well  by  Gram's  method. 


Obligative  aerobic.  Growth  appears  after  3  days  as 
dry,  opaque,  discrete  colonies.  No  liquefaction.  Aft- 
er 3  months  medium  becomes  slightly  darkened. 
Stab  cultures :  No  growth  along  needle  tract. 


Appears  after  3  days  as  a  dry,  smooth,  opaque  and 
slightly  raised  growth ;  at  first  a  porcelain  white, 
which  later  develops  a  delicate  pink  color.  No  pig- 
mentation of  medium. 

Growth  occurs  after  3  days  as  flat  particles  on  the 
surface  of  the  medium.  These  produce  in  time  a 
delicate,  pink  color,  and  on  shaking  the  tube  adhere 
to  its  sides.  As  the  growth  proceeds  a  granular  mass 
collects  in  the  bottom  of  the  tube,  this  mass  is  more 
or  less  coherent.  Medium  does  not  become  cloudy 
but  in  time  becomes  darkened. 


Growth  appears  after  3  days  on  surface  of  medium  as 
flat,  dry-appearing  particles.  These  later  become 
confluent,  forming  a  heaped-up,  pinkish- yellow  mass. 
No  reaction  occurs  in  medium  until  after  second 
week  when  the  color  gradually  fades  but  does  not 
become  red.  'This  decolor ization  begins  at  the  bot- 
tom of  the  tube.     Milk  is  not  coagulated. 

Growth  appears  as  small,  pinkish  colonies,  later  raised 
and  becoming  confluent ;  after  a  few  days  the  growth 
assumes  a  heaped-up  appearance  resembling  a  mass 
of  yellow  curls.     Medium  becomes  moist  and  dark. 


Growth  similar  to  bouillon. 


Tn    some    instances   a   very   slight   growth    appeared,    in   , 
others  none. 


Growth  appears  after  3  days  smooth  and  of  a  delicate 
pink  eolor.  Growth  docs  not  change  character  of  me- 
dium after  3  weeks'  incubation. 

do I   Growth  appears  after  3  days,  later  becomes  luxuriant 

I        with    a    heaped-up    and    wrinkled    appearance.     The 
center  assumes  a  pinkish-yellow  color,  with  a  grad- 
j        ual   elimination   to   a  delicate  pink   and   to   a   white 
I        periphery.     Stab  cultures  show  only  surface  growth 
with  same  pigment  characteristics, 
do Grows  well,  appearing  after  3  days  as  a  raised,  heaped- 
up.    moist    growth :  produces    a    yellow    pigment    in 
center,  with  a  pale  periphery. 


Growth  observed  practically  only  at  .'17"  C.  Resistance 
to  drying  showed  that  the  microorganism  survived 
longer  on  plain  surfaces  than  in  culture  media,  .^>0 
days  compared  with  0  to  10  days  according  to  strain 
used.  Thermal  death  point  <)0"  to  04  i\  for  10  to  11 
minutes. 

Guinea  pigs  and  rabbits  were  nn>stly  u.sed  in  these  liio- 
cnlntions.  The  results  were  not  eonstant  ;  with  sDine 
stains  typical  lesions  were  prodneed  which  were  ana- 
tomically and  histologically  identical  with  those  of 
actinomycosis. 


Is  killed  at  an  exposure  to  70'  C.  for  15  minutes. 


Intraperitoneal  inoculations  of  guinea  pigs,  monkeys, 
and  dogs  with  material  from  lesions  and  from  cul- 
tures in  ni'arly  every  case  produced  processes  result- 
ing in  death  after  two  weeks.  Rabbits  and  pigeons 
were  not  afTected  other  than  by  the  production  of  small 
nodules  at  site  of  inoculations  In  subcutaneous  Injec- 
tion ;  these  soon  underwent  resolution  and  healed.  No 
progressive  lesions  were  produced  by  subcutaneous 
inoculations.  In  monkeys  inoculated  in  the  foot  with 
cultures  extensive  lesions  were  prodnoed  anatiMnic- 
ally  resembling  Madura  «~*  *"—  **«»nrep 
obtained  in  every  liiiiBP<« 


I  — nr 
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The  only  important  data  tending  to  show  that  diflferent  types  of  the 
disease  exist  are  found  in  the  varying  color  of  the  granules  from  the 
different  varieties  and  the  results  of  Wright's  cultivation  experiments. 
While  Wright  could  not  establish  the  etiologic  importance  of  his  or- 
ganism, it  is  probable  that  it  was  the  cause  of  the  disease  in  his  case; 
this  being  true,  the  etiologic  identity  of  the  two  varieties  must  be 
questioned  until  further  experimental  work  is  done  with  both  Wright^s 
and  our  own  organisms. 

One  of  our  experiments  on  monkeys  is  suggestive.  A  fair  number 
of  small,  black  granules  were  produced  in  the  tissues  of  monkey  number 
3267  inoculated  subc'utaneously,  and  a  less  decided,  but  positive,  varia- 
tion in  the  color  of  the  granules  has  been  noticed  in  other  inoculated 
animals. 

The  statement  which  has  often  been  repeated,  that  the  ochroid  variety 
of  mycetoma  is  actinomycosis,  is  not  supported  by  the  weight  of  evidence 
in  the  literature,  and  it  is  positively  disproved  by  our  work. 

There  is  no  doubt  but  that  actinomycosis  has  been  mistaken  for 
Madura  foot,  both  of  the  ochroid  and  black  variety,  in  some  of  the 
reported  cases,  but  it  is  equally  certain  that  Actinomyces  hominis  is  a 
different  species  of  Streptothrix  from  those  producing  mycetoma. 
Furthermore,  the  two  diseases  show  decided  differences  in  clinical  mani- 
festations and  in  the  pathologic  findings. 
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ILLUSTRATIONS. 


Plate  1. 

Fig.  1.  Madura  foot,  mycetoma. 

2.  Monkey's  foot  after  ten  days.     Inoculated  with  cultures  from  the  lesions 

of  foot  shown  in  Plate  I,  fig.  1. 

3.  Monkey's   foot  after   fifteen   days.     Inoculated   with   scrapings   from  the 

lesions  of  foot  shown  in  Plate  I,  fig.  1. 

• 

Plate  II. 

Fio.  1.  Section  from  the  foot  of  the  original  case;  stained  preparation.     1  X  75. 

2.  Section  from  the  foot  of  the  original  case;  stained  preparation.     1  X  100. 

3.  Section    from    abdominal    tumor    of    dog    number    3390;    stained    with 

Sterling's   gentian-violet    iodine    solution    (1-2-200)     decolorized    with 

aniline  oil.     1  X  390. 

Plate  III. 

Fig.  1.  Fresh  smear  from  the  lesions  of  the  original  case.     1  X  850. 

2.  Fresh  smear  from  a  thirty  days'  culture  on  glycerin-agar.     1  X  850. 

Plate  IV. 

Fig.  1.  Drawing  of  a  ten  days'  culture  of  Streptothrix  freeri  on  glycerin-agar. 
2.  Potato  culture  of  Strcptothrix  freeri  showing  ten  days'  growth. 
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EXPERIMENTS  IN  MALARIAL  TRANSMISSION  BY  MEANS  OF 

MYZOMYIA  LUDLOWII  THEOB. 


By  CiiABLEs  S.  Banks. 
(Frarn  the  Entomological  section,  Biological  Laboratory,  Bureau  of  Science, 

Manila,  P.  I.) 


1.  Introduction. 

2.  Breeding  Places  of  the  Mosquitoes. 

3.  Life  History  of  Myzomyia  ludlowii  Theob. 

4.  Mosquitoes  and  Malarial  Parasites. 

introduction. 

Physicians  in  the  Philippine  Islands  have  for  several  years  been 
desirous  of  determining  with  greater  certainty  the  exact  species  of 
AnophelincB  responsible  for  the  transmission  of  malaria  in  this  region, 
although  as  far  as  1  am  aware  no  definite  experiments  looking  to  this 
end  have  ever  been  carried  on. 

In  the  year  1906  a  very  severe  epidemic  of  sestivo-autummal  fever, 
resulting  in  several  deaths  both  among  the  American  and  Filipino 
workmen,  broke  out  in  a  camp  some  6  kilometers  from  Manila  on  the  line 
of  the  new  waterworks  excavations.  I  went  to  the  scene  of  the  trouble 
to  study  the  features  of  the  infection,  but  not  until  some  time  after  it 
had  been  decided  to  abandon  this  camp  and  all  the  workmen,  including 
also  the  families  of  the  Filipinos,  had  moved  away.  A  very  brief  visit 
of  two  or  three  hours,  made  at  a  time  previous  to  the  breaking  up  of  the 
camp,  enabled  me  to  determine  the  actual  state  of  existence  of  these 
people  and  to  find  out  that  practically  none  of  the  Filipinos  and  very  few 
of  the  Americans  used  mosquito  nets.  A  great  many  specimens  of 
Nyssorhynchus  barhiro,stris  Theob.,  were  found  among  clothing  in  the 
huts  of  the  workmen. 

A  reconnaissance  of  the  immediate  vicinity  of  the  camp  at  the  time  of 
the  second  visit  revealed  the  abundant  breeding  places  of  the  species 
of  mosquito  just  referred  to,  but  no  further  attempts  were  made  defi- 
nitely to  fix  the  blame  of  malarial  transmission  upon  the  species  found. 

In  December,  1906,  word  came  from  the  United  States  naval  station 
at  Olongapo,  Zambales,  that  malaria  was  very  prevalent  among  the 
large  body  of  marines  in  barracks  at  that  place  and  that  it  was  of  a  very 
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pernicious  type.  It  had  been  noted  for  some  time  previously  that  com- 
panies going  for  target  practice  to  the  marine  rifle  range  at  Maquinaya^ 
some  5  kilometers  north  of  Olongapo  on  the  east  shore  of  Subig  Bay, 
invariably  returned  to  Olongapo  with  a  large  percentage  of  their  person- 
nel infecfed  with  malaria,  in  one  instance  as  many  as  85  per  cent  having 
the  fever. 

It  was  not  possible,  owing  to  pressure  of  other  work  in  Manila,  for  me 
to  reach  Olongapo  before  the  1st  of  April,  so  that  upon  my  arrival  I 
found  the  disease  to  have  diminished  markedly,  although  cases  were  by 
no  means  of  rare  occurrence. 

GEOOBAPHY  AND  TOPOGBAPHT. 

The  naval  station  of  Olongapo  is  situated  at  the  southeast  end  of  the 
small  island  of  that  name,  lying  in  the  eastern  part -of  Subig  Bay  and 
separated  from  the  mainland  of  Luzon  by  the  Kalaklan  River.  It  is 
really  one  of  a  series  of  deltas  formed  at  the  mouths  of  the  Kalaklan, 
Santa  Rita  and  Biniktigan  Rivers.  The  region  roundabout  is  hilly, 
often  to  the  coast,  the  main  axes  of  the  hills  running  at  an  angle  with 
the  coast  line  and  having  broad  valleys  between  them,  especially  on  the 
east  shore  of  the  bay.  More  or  less  sluggish  streams  flow  through  these 
valleys  and  upon  reaching  the  coast  they  naturally  spread  out,  forming 
areas  of  mangrove  swamp  in  which  a  certain  species  of  large  crustacean 
has  built  up  mounds  of  earth  which  in  time,  owing  to  vegetation  and  the 
further  deposit  of  earth  by  the  rivers,  have  united  to  form  a  more  or  less 
level  tract  having  an  elevation  of  from  3  to  10  decimeters  above  mean  tide. 
Numerous  channels  are  cut  through  these  tracts  of  land  at  the  time  of 
floods,  and  when  the  tides  are  high  the  waters  of  these  channels  are  con- 
tinuously mixed  with  that  from  the  sea.  At  no  time  is  the  water  in  or 
around  these  areas  fresh,  and  where  the  tide  recedes  it  leaves  the  land- 
locked pools  to  become  more  salty  by  evaporation.  The  shores  for  several 
kilometers  around  Olongapo  in  all  directions  are  of  this  character,  and  this 
condition  is  only  relieved  by  the  terminal  talus  slopes  of  the  surrounding 
hills. 

Engineering  operations  carried  on  by  the  Navy  with  reference  to  harbor 
improvements  at  the  station,  have  altered  the  course  of  the  Biniktigan 
River  while  causing  large  bodies  of  water  to  become  more  landlocked 
than  previously,  with  the  result  that  now  the  area  of  stagnant  or  semi- 
stagnant  water  in  the  vicinity  of  the  station  is  about  doubled. 

The  same  condition  obtains  at  the  Maquinaya  rifle  range,  except  that 
the  swamps  at  this  place  lie  farther  landward,  whereas  the  camp  itself 
is  located  on  a  sandy  beach,  upon  which  fair  sized  trees  of  various  species 
grow. 
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LOCATION   AND  BUILDINGS. 

The  navy-yard  proper  is  located  on  a  sand  spit  and  is  surrounded  by 
a  wall  built  in  Spanish  times ;  all  the  oflBces  and  the  quarters  of  most  of 
the  naval  and  marine  officers  and  the  hospital  are  located  within  this 
wall.  Outside,  and  along  the  west  beach  of  the  island  are  the  other 
marine  officers'  quarters  and  eastward  from  these,  at  a  distance  of  some 
120  meters,  are  the  five  large  buildings  erected  for  barracks  for  the  troops. 
Four  of  these  barracks  are  within  a  few  meters  of  the  swamp  regions. 
They  are  built  on  cement  piers  about  1  meter  from  the  ground  level  and 
are  well  ventilated.  Sewage  is  carried  into  Subig  Bay  by  pipe  lines 
and  there  is  no  stagnant  water  in  the  immediate  vicinity.  Each  building 
is  provided  with  a  tank  on  the  upper  veranda  into  which  water  is  pumped 
for  bathing  purposes  and  for  flushing  the  closets.  The  ground  area 
beneath  and  around  the  barracks  is  kept  in  a  scrupulously  clean  condition, 
many  of  the  posts  and  piers  being  frequently  whitewashed  and  no  weeds 
are  allowed  to  grow.  The  parade  ground  at  the  west  and  south  of  the 
barracks  is  not  yet  finished  and  therefore  it  is  cut  in  many  places  by 
trenches  and  ditches  into  which  tide  water  finds  its  way  and  where  Culex 
microannulatus  Theob.,  and  Myzomyia  ludlowii  Theob.,  breed  in  great 
numbers.  Larvae  of  both  the  above-mentioned  species  of  mosquitoes  were 
found  at  the  Maquinaya  rifle  range,  freely  breeding  in  salt  water  less 
than  60  meters  from  the  camp,  which  consisted  of  tents  for  both  officers 
and  men. 

According  to  regulations,  all  men  are  obliged  to  sleep  under  mosquito 
nettings,  but  I  am  of  the  opinion  that  these  do  not  completely  serve  their 
purpose  in  preventing  the  men  from  being  bitten,  for  few  sleep  so  quietly 
that  at  some  time  during  the  night  their  arms  or  legs  do  not  come  in 
contact  with  the  sides  of  the  narrow  nets,  thus  offering  a  ready  mark 
for  mosquitoes. 

PLAN   OF   WOBK   AT   OLONGAPO. 

It  was  decided  that  the  first  requisite  was  the  discovery  of  all  species 
of  mosquitoes  which  might  play  an  important  role  in  tlie  transmission 
of  disease,  as  well  as  to  study  the  conditions  under  wliieli  the  insects 
breed  most  readily.  A  considerable  amount  of  time  was  consequently 
spent  in  reconnaissance  in  the  neighborhood  both  of  Olongapo  itself  and 
the  rifle  range  at  Maquinaya.  During  this  period  mosquito  larvae  were 
collected  and  bred,  and  breeding  grounds  mapped  out.  This  work  enabled 
me  to  narrow  the  species  of  Anophelincp  down  to  Myzomyia  ludlowii 
Theob.,  as  the  most  probable  transmitter  of  malaria. 
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FACILITIES. 


The  breeding  grounds  of  Anophelinw  were  so  near  to  the  laboratory 
where  my  indoor  investigations  were  carried  on,  that  it  was  an  easy  matter 
to  go  from  the  outdoor  cages  to  the  workroom  several  times  a  day  if 
necessary.  At  first,  certain  places  were  simply  watched  daily  and  the 
development  of  the  larva  and  pupse  noted,  but  as  work  went  on  it  was 
found  desirable  to  isolate  individuals  and  eggs  in  order  to  determine  with 
exactness  the  various  periods  of  growth.  1  took  with  me  from  Manila 
most  of  the  portable  apparatus  necessary,  but  many  features  which  needed 
to  be  constructed  on  the  spot  were  furnished  by  the  naval  authorities, 
all  of  whom,  without  exception,  did  everything  in  their  power  to  aid  my 
work.     I  wish  in  this  place  to  express  my  thanks  for  their  assistance. 


SUBSIDIABT  INVESTIGATIONS. 


On  the  22d  of  April  a  battalion  of  marines,  fully  equipped  for  heavy 
marching,  left  Olongapo  under  the  command  of  Maj.  E.  K.  Cole,  United 
States  Marine  Corps,  for  a  military  reconnaissance  of  the  region  around 
Mount  Pinatubo  to  the  north  of  Olongapo  and  distant  some  48  kilometers. 
This  expedition  from  the  time  of  starting  until  the  return  to  Olongapo 
occupied  five  and  a  half  days,  during  which  time  the  whole  command  slept 
at  no  one  place  for  two  consecutive  nights.  We  left  the  seacoast  at  the 
town  of  Subig  12 J  kilometers  north  of  Olongapo  at  the  head  of  Subig 
Bay  and  struck  inland,  there  being  a  continuous  and  gradual  rise  in 
the  land  until  the  second  day,  when  the  country  heceime  strictly  moun- 
tainous. The  night  camps  were  always  pitched  in  the  vicinity  of  running 
water,  but  in  no  case  was  stagnant  or  semistagnant  water  encountered 
(luring  the  trip.  A  few  mosquito  larvae  were  found  at  Santa  Fe  in  the 
river  near  the  camp,  but  the  specimens  collected  died  l)efore  reaching 
maturity.     However,  they  were  not  Anophelines.  • 

On  the  last  night  of  the  expedition  (April  26)  at  a  small  place  south 
of  Castillejos,  Zambales,  the  sleepers  wore  annoyed  by  considerable  num- 
bers of  Devoidya  joloends  Ludlow  (D.  fusca  Theobald,  var.  joloensis 
liudlow).^  This  species  probably  breeds  in  the  rather  sluggish  river 
near  this  place,  although  a  search  did  not  reveal  the  larvae  at  that  time. 

These  mosquitoes  were  the  only  ones  encountered  on  the  trip  and  it 
is  noteworthy  that  no  single  individual  of  the  entire  expedition,  com- 
prising some  one  hundred  and  twenty-five  men,  was  attacked  by  malaria 
subsequent  to  his  return  to  Olongapo,  within  the  usual  incubation  period 
ol"  llie  disease ;  in  J'acl,  a  careful  observation  of  the  men  of  the  command 
for  two  months  after  their  return  showed  that,  where  there  was  anv 
malaria,  it  was  a  recrudescence  of  the  aistivo-autummal  type  and  in  indi- 
viduals who  had  been  suffering  from  the  disease  for  some  time  before  this 
trip. 

*  Theobald  says  in  Mono.  Culic.  (1907),  4,  165,  that  this  variety  merits  specific 
ronk  and  I  liavo  so  indicated  it. 
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THE  BREEDING   OF   MOSQUITOES. 
GENERAL  CONSIDERATIONS. 

Most  of  the  species  of  mosquitoes  breed  in  fresh  water;  in  ponds, 
sluggish  streams,  the  margins  of  lakes  and  swamps  or  in  cisterns,  wells, 
water  tanks  and  all  other  receptacles  for  collecting  water  around  houses, 
which  are  not  covered  by  wire  gauze  or  other  mosquito-proof  covering. 
Certain  species  breed  only  in  open  meadow  or  marsh  waters,  others  only 
in  woodland  waters  and  again  others  only  in  receptacles  in  or  near  houses. 
Examples,  respectively,  of  these  three  classes  in  the  Philippines  are 
Nyssorhynchus  harhirostris  Van  der  Wulp,  Desvoidija  fusca  Theob.,  Wor- 
cesteria  grata  Banks,  Culex  fatigans  Wied.,  and  Stegomyia  persistans 
Banks.  The  total  number  of  known  species  of  Culicidae  found  to  breed 
in  salt  or  even  brackish  water  is  so  very  small  that  the  finding  of  a  trae 
anopheline  breeding  under  such  conditions  is  remarkable. 

Only  the  following  species  of  Culex  are  known  to  multiply  in  salt  or 
brackish  waters  in  the  United  States:  C.  solicitans  Walk.,  C.  salinarius 
Coq.,  C.  toBniorhynchus  Wied.,  and  C.  cantator  Coq.  In  Europe  Bancroft 
and  Ficalli  record  larvae  of  Culex  salinus  Fie,  from  salt  water,  while 
Theobald  adds  Culex  marinus  Theob. 

Three  species  of  mosquitoes  have  been  found  breeding  in  salt  water  in 
the  Philippine  Islands ;  they  are  Culex  microannulatv^  Theob.,  Myzomyia 
hidlowii  Theob.,  and  Culex  sp.  indet.  In  a  former  publication  ^  I  stated 
that  C.  microannulatus  Theob.,  breeds  in  brackish  water,  but  it  has  since 
been  found  in  the  same  places  as  M.  ludlowii  Theob.;  that  is,  in  water 
which  upon  analysis  yields  a  greater  percentage  of  salt  than  that  of 
Manila  Bay.  Myzomyia  ludlowii  Theobald  was  the  species  used  in  the 
transmission  of  malarial  parasites  in  the  series  of  experiments  recorded 
in  this  paper.  It  is  quite  evident  from  collections  made  in  the  various 
parts  of  the  Philippine  Islands,  that  this  species  is  quite  generally  distrib- 
uted. It  has  been  taken  in  Pampanga  Province,  in  Jolo,  Panay,  Negros, 
Cebu,  Manila,  Cavite  and  Mindoro,  so  that  its  range  is  probably  general 
in  this  Archipelago.  It  is  always  found  in  what  we  might  term  tidal 
backwaters,  namely  in  swampy  regions  where  the  incoming  tide  floods 
considerable  areas  intersected  by  channels  and  dikes.  In  these  places 
a  certain  amount  of  water  is  left  l)y  the  outgoing  tide,  and  as  evaporation 
takes  place,  the  remaining  water  becomes  more  salty  until  the  next  tide, 
when  it  is  once  more  restored  to  nearly  its  ordinary  specific  gravity. 

The  amount  of  rain  during  the  season  when  these  mosquitoes  are 
most  abundant,  namely  from  November  to  July,  is  not  sufficient  to  render 
the  water  which  remains  in  their  breeding  places  sufficiently  fresh  to 
injure  or  destroy  the  j)lant  life  upon  which  the  mosquitoes  feed,  or  to 
be  detrimental  to  the  insects  themselves;  on  the  other  hand  it  has  been 

^Thia  Journal  (1906),  1,  988. 
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conclusively  proved  that  they  can  not  live  in  fresh  water,  nor  in  salt 
water  which  has  been  brought  up  to  the  point  of  saturation.  Certain 
species  of  algie  are  always  found  in  salt  water  where  Myzomyia  ludlowii 
Theob.,  breeds.  The  commonest  of  these  forms  are  Enteromorpha  sp. 
indet.  and  Chaetomorpha  sp.  indet.'  and  the  cells  of  these  plants  are 
found  in  the  mosquitoes'  stomachs.  The  insects  are  top  feeders  and 
make  little  or  no  use  of  the  slimy  algae  which  grow  upon  the  muddy 
bottoms  of  the  pools  or  ditches  in  which  they  live,  unless  the  water  has 
so  far  receded  as  to  bring  these  plants  to  within  half  a  centimeter  of  the 
surface.  Few  other  water  plants  are  found  in  the  breeding  places  of 
Myzomyia  liullowii  Theob.,  but  these,  where  they  occur  in  small  quantity, 
do  not  appear  to  affect  the  larvae.  The  fact  that  none  of  the  latter  are 
found  in  water  the  surface  of  which  is  covered  more  or  less  completely 
with  leaves  of  aquatic  plants,  goes  to  prove  further  that  these  insects 
in  the  larval  and  pupal  stages  thrive  best  under  the  almost  uninterrupted 
glare  of  the  sunlight,  and  that  they  retire  to  the  shaded  places  only  at 
the  time  of  metamorphosis,  when  they  remain  below  the  surface  for  con- 
siderable periods  before  they  came  to  the  top  to  breathe. 

In  laboratory  breeding  experiments  the  plants  in  the  water  begin  to 
die  within  three  to  five  days,  while  the  larvae  appear  to  feed  in  a  desul- 
tory manner.  The  time  for  their  natural  transformation  to  the  pupa 
comes  and  goes  and  they  still  remain  as  larvae.  The  foulness  of  the 
water,  due  to  organic  decomposition,  appears  not  to  affect  them,  but  on 
the  other  hand,  the  lack  of  proper  food  seems  to  cause  them  to  remain 
in  an  indefinite  larval  stage,  until  after  three  weeks  or  more  they  grad- 
ually begin  to  die.  Pupae  brought  in  and  kept  under  similar  conditions 
develop  normally  and  the  mosquitoes  emerging  from  them  appear  not 
to  have  suffered  from  lack  of  sunshine  in  their  previous  stage.  The 
conclusions  are,  therefore,  that  direct  sunlight  is  absolutely  necessary 
for  the  best  development  of  this  mosquito. 

In  order  to  obtain  a  sufficient  number  of  individuals  for  experiments  in  biting,  a 
large,  white,  gauze  net  was  built  over  a  pond  the  area  of  which  was  approximately 
7  square  meters.  This  net  was  liigh  enough  so  that  a  man  could  enter  by  stooping 
down,  and  go  from  one  part  of  the  inclosure  to  the  other  on  boards  about  15  cen- 
timeters above  the  surface  of  the  water.  The  earth  banked  up  inside  and  outside 
the  net  held  it  in  place  and  kept  the  mosquitoes  from  creeping  out  beneath  the 
flaps;  it  also  served  as  a  resting  place  for  the  newly  emerged  adults.  They  were 
never  found  upon  the  net  itself,  but  always  upon  the  earth,  and  being  so  nearly  of 
the  same  color  it  was  not  an  easy  matter  to  find  them. 

While  there  was  no  appreciable  difference  in  the  appearance  or  rate  of  develop- 
ment of  the  larva?,  the  adult  mosquitoes  were  of  a  slightly  paler  color  when  they 
were  reared  under  nets  and  for  some  reason  appeared  to  be  less  active  or  wary  than 
those  individuals  encountered  in  the  open. 

Care  was  taken  in  constructing  the  net  to  exclude  all  small  fish  that  might 

"  I  am  indebted  to  Dr.  W.  R.  Shaw,  Philippine  Normal  School,  for  these  iden- 
tifications. 
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be  enemi^  of  the  mosquito  larveD,  so  that  when  masses  of  algse  containing  large 
numbers  of  mosquito  eggs  were  placed  in  the  water,  the  insects  could  develop 
without  menace  from  this  source.  However,  it  is  probable  that  a  limited  number 
of  the  larvae  and  pups  fell  a  prey  to  the  tiny  water  beetles  and  their  larvae,  which 
could  not  all  be  removed  from  the  water  owing  to  the  fact  that  many  of  them 
burrowed  in  the  mud  when  the  pond  was  disturbed.  One  or  two  dragon-fly  larvae 
were  left  in  the  water  and  they  reached  maturity.  They  were  seen  to  capture 
some  of  the  hundreds  of  Myzomyxa  ludlovoii  Theob.,  and  Culex  microannulatua 
Theob.,  which  emerged,  but  their  quota  must  have  been  very  insignificant,  since 
they  were  small  damsel-flies  and  not  the  larger  and  more  voracious  Lihellulincr. 

One  of  the  most  satisfactory  methods  of  collecting  the  adult  mosquitoes  for 
experiment  was  to  permit  a  large  number  of  the  larvae  to  pupate  under  the  net 
among  the  algae  and,  within  a  day  of  the  time  for  their  emerging  as  adults,  to 
collect  as  many  sis  needed  with  a  scoop  net.  They  were  then  placed  in  a  jar  of  salt 
water  and  covered;  the  next  morning  all  of  the  adults  would  be  found,  they  having 
emerged  during  the  previous  evening. 

Many  attempts  were  made  to  raise  these  mosquitoes  in  confinement, 
but  I  succeeded  only  after  numerous  trials.  Under  ordinary  conditions 
evaporation  is  so  rapid  that  water  must  be  added  each  day ;  this  so  disturbs 
the  larvae  that  they  do  not  thrive  well,  especially  when  an  attempt  is  made 
thoroughly  to  mix  the  water  at  the  time  of  its  addition.  Another  detri- 
mental feature  is  the  amount  of  reflection  of  light  from  the  sides  of  the 
vessel.  Thermometric  tests  show  that  the  air  just  above  the  water  con- 
tained in  a  10-liter  porcelain  evaporating  dish  is  from  5°  to  7°  C.  above 
that  of  the  outside.  In  20-liter  cylindrical  glass  vessels  of  35  to  40 
centimeters  height  it  is  from  8°  to  10°  C.  Direct  sunlight  does  not 
detrimentally  affect  the  larvae  and  pupae,  but  the  adults  die  within  fifteen 
to  twenty  minutes  when  so  exposed,  so  that  those  emerging  under  such 
conditions  in  a  covered  vessel  never  reach  the  stage  where  they  can  fly. 
Those  not  killed  directly  by  the  sunlight  become  so  thoroughly  soaked 
by  the  moisture  collecting  on  the  sides  of  the  vessel  that  they  soon  die. 
It  is  possible,  by  using  a  large  porcelain  evaporating  dish  and  shading 
a  portion  of  it  with  a  black  cloth  under  white,  to  keep  the  temperature 
down  2°  or  3°,  but  even  under  such  conditions  great  vigilance  and  a 
repeated  change  in  the  position  of  the  vessel  to  a  shady  place  for  an  hour 
or  so  and  then  back  into  the  sunshine,  is  necessary. 

LIFE  HISTORY  OF  MYZOMYFA  LUDLOWII   THEOB. 

The  egg. — One  and  eight-tenths  millimeters  in  length  and  0.95  millimeter  at 
its  widest  point  including  the  air-cells,  it  being  slightly  wider  than  deep.  The  egg 
(PI.  I,  figs.  1  and  2)  is  nearly  jet  black,  the  surface  being  covered  with  an 
iridescent,  reticulated  film  which  separates  when  the  egg  dries.  It  is  blunt  canoe- 
shaped,  the  lower  surface  strongly  convex,  the  upper  concave  lengthwise.  At 
each  end  is  a  small,  round,  lighter  area  having  7  to  8  tiny  blt^ck  dots  within  its 
circumference.  A  rim  of  air-cells  extends  around  the  entire  upper  part  and  at 
each  side  near  the  top  and  midway  between  the  extremities  occupying  nearly  one- 
half  the  length  is  an  arrangement  of  air-cells  which  extends  from  the  top  halfway 
down  the  aide  of  the  egg  (PI.  I,  fig.  2).  These  cells  run  dorso- vent  rally,  each  one 
widening  downward. 
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The  eggs  are  usually  laid  in  the  afternoon  after  4  o'clock.  When 
ovipositing  the  insect  alights  upon  the  water  at  a  place  where  a  mass  of 
algaB  exists.  After  walking  around  for  a  brief  time,  it  finally  extrudes 
the  eggs  one  after  another,  at  the  rate  of  about  one  per  second  until  five  or 
six  have  been  laid ;  it  then  walks  a  short  distance  away  and  then  deposits 
a  few  more.  It  has  thus  far  been  impossible  to  determine  the  number 
laid  by  a  single  female,  but  ccrunts  of  the  eggs  found  in  the  ovaries  and 
oviducts  of  new  females  show  it  to  be  seventy-five  to  one  hundred  and 
fifty,  the  average  being  about  one  himdred. 

Larva  (PI.  I,  fig.  3). — The  larvae  hatch  in  from  thirty-six  to  sixty  hours  from 
the  time  of  oviposition,  tlie  period  of  incubation  depending  upon  the  temperature. 

The  egg  shell  in  haU'hing  splits  longitudinally  on  the  upper  surface,  somewhat 
in  the  manner  of  the  eggs  of  Muscidjp,  the  small  piece  breaking  out  and  the  shell 
afterward  shriveling  and  rolling  up.  The  young  larvse  are  pale  gray,  almost 
transparent  and  have  a  white  spot  on  the  anterior  area  of  the  thorax.  The  head 
is  marked  by  a  prominent,  black  band  extending  around  the  entire  posterior 
margin  and  there  are  a  few  dark  brown  markings  on  its  surface.  The  dark, 
triangular  spots  before  the  eyes  persist  throughout  the  larval  period  and  are  the 
beginnings  of  the  adult  compound  eyes.  This  may  easily  be  seen  just  befor* 
the  last  molt  and  when  the  pupa  has  formed  within  the  larval  skin. 

The  full  grown  larva  (PI.  1,  fig.  3)  is  greenish-gray,  the  abdomen  is  dorsally 
of  this  color,  slightly  darker  near  the  median  line.  The  region  around  the 
anterior  dorsal  and  ventral  portions  of  the  thorax  has  a  decidedly  blue  color 
subcutaneously.  There  is  a  small,  transverse,  black  tergite  between  every  two 
abdominal  segments.  These  tergites  appear  at  first  sight  to  be  the  result  of 
great  transparency  and  the  consei^uent  visibility  of  the  stomach  and  intestinal 
contents,  but  they  are  of  course  cutaneous.  The  ventral  surface  of  the  thorax 
and  abdomen  is  pale  bluish-green-gray. 

The  head  is  light  buff,  with  the  following  dark  brown  markings  above:  The 
small^  round  eyes  at  the  lateral  prominences;  a  large  subtriangular  band,  repre- 
senting the  compound  eyes  of  the  a<lult  in  front  of  each  eye;  a  narrow  band  around 
the  posterior  rim  of  the  head;  a  transverse,  broken,  wavy  band  five-eighths  the 
distance  across  the  top,  before  the  eyes;  a  V-sliaped  line  medially,  opening  ante- 
riorly and  connected  posteriorly  with  the  band  on  the  posterior  rim  of  the  h€%ad; 
a  small,  triangular,  median  dot  between  tlie  legs  of  the  V;  a  small,  round  dot 
behind  the  eye,  halfway  from  the  posterior  margin. 

On  the  underside,  tlie  head  is  marked  as  follows:  A  large,  brown  patch  on  the 
ventro-lateral  area  posteriorly;  a  furcula-shaped  mark,  its  apex  at  the  mouth, 
extending  jwsteriorly  nearly  to  the  margin;  a  small  dot  at  the  basal  angles  of  the 
labium.     The  tips  of  the  mandibles  are  black.      (PI.  1,  tig.  6.) 

The  labial  plate  is  of  peculiar  structure,  being  bilaminate,  the  proximal  lamina 
has  9  teeth,  the  external  lamina  5.  A  thin,  chitinous  prolongation  of  the  cusps 
extends  into  the  head  and  serves  as  a  brace.      (PI.  II,  fig.  4.) 

The  labium  is  composed  of  a  movable  portion  which  has  16  very  stout,  blunt, 
curved  bristles  along  its  margin  and  is  covered  with  smaller,  scale-like  processes 
extending  also  to  the  clypeus.      (PI.  II,  fig.  2.) 

Dorsally  on  each  ol  the  second  to  sixth  abdominal  segments,  midway  Ix^tween  the 
median  line  and  the  lateral  angle,  is  a  small  tuft  of  stellate  hairs,  used  for 
supporting  the  larva  horizontally  beneath  the  surface  film.  When  it  comes  to 
the  surface  these  hairs  spread  out,  engaging  the  film.     Each  abdominal  segment 
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has  laterally  one  or  two  pectinate  bristles,  diminishing  in  size  toward  the  anal 
extremity. 

Chcptotaxy  of  the  full  grown  larva. — In  order  to  avoid  confusion  the  arrange- 
ment of  the  hairs  on  one  side  of  the  median  line  is  given. 

Head  (PI.  II,  fig.  1). — At  the  base  of  the  clypeiis,  projecting  anteriad  over 
and  to  end  of  the  brush,  is  1  straight,  simple  bristle,  slightly  to  one  side  of  the 
median  line;  iK)stcro-mediad  to  the  base  of  the  antenna  1  straight  pectinate  bristle 
and  2  more  in  a  transverse  line  mediad  to  it  and  equidistant;  exteriad  and 
ventrad  to  tlie  antenna,  curving  anteriad,  is  1  pectinate  bristle;  ventrad  to  this 
is  a  group  of  3  short,  straight  hairs  of  equal  size  projecting  from  the  same 
point;  posteriad  to  this  another  group  of  3,  a ntero- ventrad  to  the  simple  eye 
and  slightly  remote  therefrom;  anteriad  to  the  median  angle  of  the  compound 
eye-spot  is  1  simple  bristle  projecting  at  a  right  angle  to  fhe  surface  of  the 
head;  there  are  no  hairs  or  bristles  on  the  ventral  surface.  The  maxillary 
palpus  is  armed  with  a  compound,  palmate-pectinate  bristle  at  the  outer  side 
of  the  apex,  before  the  articulation  of  the  terminal  joint.      (Plate  IT,  fig.  3.) 

Thorax. — On  the  anterior  face  (PI.  Ill,  fig.  2)  latcrad  to  the  point  of  articula- 
tion of  the  head  is  a  very  small,  bi-  or  tri-furcate  J>ristle  projecting  anteriad;  2 
long  bristles  in  a  transverse  line  on  the  anterior  area  of  the  dorsum,  laterad  of 
the  median  line;  laterad  of  the  exterior  of  these  and  distant  from  it  three  times  its 
distance  from  the  interior  bristle,  is  a  short,  stout,  pectinate  bristle  projecting 
anteriad;  extefiad  to  tliis  is  another,  more  slender,  nearly  twice  as  long,  projecting 
parallel  with  it,  the  latter  followed  laterad  by  a  slender,  simple  bristle  of  its  own 
length,  projecting  latero-anteriad ;  latero- ventrad  to  this  is  a  pectinate  bristle 
nearly  twice  its  length,  projecting  latero-anteriad;  ventrad  of  this  is  a  curved, 
pectinate  bristle  projecting  anteriad  on  the  anterior  face  of  the  thorax;  at  the 
intersection  of  an  imaginary  transverse  line  through  the  middle  of  the  thorax  and 
one  a  little  more  than  midway  between  the  median  line  and  the  dorso-lateral 
margin,  is  a  long,  pectinate  bristle  projecting  antero-laterad ;  laterad  of  this  are 
2  small,  simple  bristles  and  exteriad  to  these,  4  others,  the  most  ventral  of 
which  is  quadrifurcate ;  on  the  i)osterior  lateral  or  metathoracic  area  are  4 
curved  i)ectinate  bristles,  all  twice  the  length  of  those  on  the  anterior  or 
protlioracic  area  of  the  thorax.  These  bristles  are  all  movable  by  means  of 
voluntary  muscles.  The  most  ventral  bristle  has  a  small  pseudopod  at  its  origin. 
(PI.  Ill,  fig.  3.)  The  same  is  true  of  the  most  ventrad  of  the  anterior  or 
prothoracic  bristles  and  of  a  similar  one  medio-latero-ventrad  on  the  mesothorax. 

When  a  larva  is  examined  ventral ly  it  will  be  seen  that  the  pseudopoda 
occupy  a  position  relative  to  the  six  feet  of  a  eoleo])teroiis  or  lepidop- 
terous  larva,  a  pair  on  \\\e,  pro-,  meso-  and  metathorax  respectively. 
They  are  located  on  prominent,  tumescent  tubercles  and  are  all  capable 
of  a  slight  motion  in  conjunction  witb  the  pectinate  bristles.  Tbe 
middle  and  posterior  pair  are  tbe  only  ones  wbicb  sbow  sip^ns  of  articu- 
lation^ each  pseudopod  beinij  composed  of  two  segments,  not  only  visible 
in  the  living  larva  but  also  in  tbe  exuviae  and  in  luacerated  speciments. 
I  am  thoroughly  convinced  that  these  organs  n^present  atrophied  or  degen- 
erate organs  of  locomotion,  not  only  because  of  their  morpbology,  but 
also  from  their  function,  as  observed  in  tbe  living  larva  when  it  crawls 
over  vegetation,  or  uj)on  a  rough,  moist  surface.  1  do  not  recall  that 
any  previous  author  has  mentioned  these  organs  and  I  call  attention  to 
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them  at  this  time  in  order  to  elicit  a  further  discussion  as  to  their  origin 
and  possible  significance.  I  have  noted  the  same  organs  in  the  larvae 
of  Worcestefia  grata  Banks  and  in  those  of  certain  other  Culicidae.  I 
hope  to  present  drawings  of  them  in  a  paper  dealing  with  the  life  his- 
tories of  the  Philippine  mosquitoes. 

Abdomen  (PI.  I,  fig.  3). — The  first  segment  has  a  pair  of  lateral,  approximate, 
pectinate  seta,  curving  forward  as  on  the  thorax;  ventrad  to  this  is  a  tuft  of 
3  simple  sets,  submediad  on  the  posterior  area  of  the  ventrum  is  a  tuft  of  3 
short,  simple  setse;  the  second  segment  is  as  the  first,  except  that  on  the 
sublateral,  posterior  area  is  a  tuft  of  3  to  5  palmate  hairs,  laterad  of  which 
are  3  short,  erect  setae  in  a  transverse  line;  the  third  segment  has  a  single, 
lateral,  pectinate  seta,  a  palmate-hair  tuft  consisting  of  11  to  12  parts,  3  short 
set«e  on  a  line  anteriad  of  the  palmate  tuft  and  a  small  tuft  of  simple  sets 
posteriad  of  the  pectinate  seta,  in  addition  to  the  ventral  tuft;  the  fourth 
segment  has  a  small,  pectinate  seta  laterad  and  a  subsidiary  tuft  of  3  to  4, 
simple  setse  slightly  posteriad.  The  palmate  tuft  on  this  segment  contains  14 
hairs  and  antero- laterad  of  this  is  a  simple,  erect  seta,  four  times  the  length 
of  the  hairs  in  the  tuft;  the  fifth  segment  is  similar  to  the  fourth,  but  its 
palmate  tuft  contains  only  8  hairs;  the  sixth  segment  has  several  pale,  scattering, 
simple  setse  on  the  latero-dorsal  area  posteriad.  Its  palmate  tuft  is  composed 
of  10  to  12  hairs.  The  seventh  segment  is  similar  to  the  siofth;  the  eighth, 
bearing  the  respiratory  siphonette  (PI.  I,  fig.  6),  has  a  few  scattering  setie 
laterad.  The. mnf^  has  a  quadri -pectinate  bristle,  laterad,  near  its  apex,  and 
a  series  of  9  very  long  (twice  the  length  of  the  segment)  pectinate  hairs, 
curving  at  their  tips  and  articulated  on  a  special,  movable  tubercle  (PI.  I, 
fig.  6),  the  whole  serving  the  double  purpose  of  rudder  and  propeller  in  the 
locomotion  of  the  insect.  At  the  extreme  caudal  end  of  this  segment,  dorsad 
to  the  anal  aperture  are  4  palmate,  brush-like  setae,  the  ventral  pair  of  which 
has  coarser  branches  than  the  dorsal,  their  number  being  18  (in  0  pairs)  and 
their  extremities  being  curved.  They  are  used  by  the  insect  for  anchoring  itself 
to  plants  on  the  surface  of  the  water.  The  whole  dorsum  of  this  segment  is 
covered  by  a  single,  chitinous  sclerite  (PI.  II,  fig.  5)  from  the  middle  of  each 
side  of  which  projects  a  pair  of  simple,  erect  setae. 

The  tracheal  gills  (anal  gills)  (PI.  I,  fig.  6)  are  very  short  as  compared 
with  those  of  Culex  and  Stegomyia  larvae,  which  remain  a  long  time  beneath 
the  water.  These  gills  lie  immediately  around  the  anus  and  are  about  twice 
as  long  SIS  broad. 

The  length  of  the  larval  period  is  from  nine  to  thirteen  days  from  the  hatching 
of  the  egg  to  the  transformation  to  the  pupa.  During  this  time  the  larva 
molts  five  times,  the  first  stage  being  one  and  one-half  to  two  days,  the  second  two 
to  three,  the  third  two  to  three,  the  fourth  two  to  five  and  the  fifth  two  days. 

The  respiratory  siphonette  (PI.  I,  figs.  3,  4  and  6). — ^This  organ,  situated  on 
the  posterior,  dorsal  area  of  the  eighth  segment,  which  is  obliquely  truncated 
to  receive  it,  is  of  very  peculiar  structure  and  merits  a  detailed  description. 
When  open  (PI.  I,  fig.  4)  it  has  the  form  of  an  irregular,  elongated  five-pointed 
fitar,  the  lobes  of  which  are  rounded.  Tlie  anterior  lobe  is  the  largest  and  lies 
mediad.  It  is  thin,  mica-like  in  appearance,  hinged  at  its  base,  and  has  a 
vitelline,  globular  tubercle  at  the  median  point  of  the  base.  This  vitelline 
tubercle  fits  into  a  socket  when  the  lobe  ia  closed  over  the  two  tracheal  apertures. 
oaoli  of  wliirh  lies  a  little  to  one  side  of  the  median  line.  When  the  organ  is 
closed,  the  two  remaining  anterior  lobes  fit  against  the  respective  poeterior 
lobes,   tlic    latter   doubling   outward   along   their   axes   and    inward   along    their 
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points  of  union  with  the  anterior  lobes.  The  four  lateral  lobes  close  before  the 
median,  which  fits  against  the  others,  effectually  locking  itself  by  means  of  the 
tubercle  and  socket  and  precluding  the  entrance  of  water.  The  entire  structure 
is  reinforced  with  strips  of  chitin  running  through  various  parts  as  shown  by 
the  darker  lines  in  the  figure.  On  each  side  of  the  siphonette  is  a  lateral  comb 
(PI.  I,  fig.  6,  and  PI.  II,  fig.  6)  composed  of  fifteen  teeth,  those  ventrad  being 
longest  and  all  pointed  directly  caudad.  The  comb  is  surrounded  ventrad, 
anteriad  and  dorsad  by  a  black,  chitinous  brace,  from  the  dorsal  cusp  of  which 
projects  a  quadrifid  seta  (PI.  I,  fig.  7)  four  times  the  length  of  the  comb  teeth. 

Pupa  (PI.  IV,  fig.  1). — The  color  of  the  pupa  is  dull  gray,  with  a  slightly 
greenish  tinge.  The  last  abdominal  segment  is  light  ocher.  The  first  abdominal 
segment  is  darker  dorsally  than  any  succeeding  one.  The  respiratory  siphon  is 
dark  gray  externally,  the  inner  surface  being  pearly-white  and  striate.  The 
eye-spots  of  the  adult  mosquito  are  plainly  visible  as  dark  areas  on  the 
antero-Iateral  region  of  the  pupal  cephalo-thorax. 

The  chcetoiaxy  of  the  pupa  is  as  follows,  the  hairs  and  bristles  of  but  one 
side  being  given  as  in  the  larva:  Submediad  on  the  anterior  margin  of  the 
metathorax  is  1  small,  simple  erect  hair,  on  the  scutello-abdo^inal  suture  of 
the  first  abdominal  segment,  submediad,  is  a  short,  erect,  bifurcate  bristle, 
followed  laterad  by  2  simple  bristles,  the  second  of  which  is  3  times  as  far  from 
it  as  the  first;  submediad  on  the  middle  of  the  second  abdominal  segment  is  a 
palmate  tuft  of  hairs  composed  of  about  30  simple  and  bifurcate  branches; 
submediad  on  the  third  segment  at  its  middle  is  a  quadrifurcate  bristle,  followed 
laterad  by  a  simple,  stout,  curved  bristle;  on  the  fourth  segment  is  a  long, 
trifurcate  bristle,  submediad  on  the  posterior  margins  of  the  tergite,  followed 
laterad  by  two  other  simple  bristles,  the  first  of  which  is  anterior  to  the  margin, 
the  second  on  the  margin;  on  the  fifth  segment  there  is  a  bifurcate,  submedian 
bristle,  followed  laterad  by  a  trifurcate  bristle  and  antero-laterad  by  a  bifurcate, 
smaller  one;  the  sixth  segment  has  a  simple,  submedian  bristle,  longer  than  the 
segment,  on  the^  posterior  margin  of  the  tergite,  followed  laterad  by  a  quadrifur- 
cate bristle,  the  seventh  and  eighth  have  bristles  arranged  similarly  to  those 
on  the  sixth  except  that  on  the  seventh  there  is  a  very  small  hair,  mediad  of 
the  long  bristle,  and  its  lateral  bristle  is  bifurcate;  on  the  eighth  segment  there 
is  a  trifurcate  bristle  anteriad  of  the  long,  simple  bristle;  the  ninth  segment 
bears  a  stout,  dark  brown,  slightly  curved  bristle  at  the  posterior  lateral  angle 
and  a  single,  submedian,  dorsal  hair  at  the  posterior  margin. 

Ventrally  the  fifth  and  sixth  segments  have  a  stout,  latero-ventral  bristle  at 
their  posterior  margins,  while  on  the  seventh  and  eighth  there  is  a  submedian 
bristle  on  the  posterior  margin. 

The  caudal  fins,  or  pinnura  (PI.  IV,  figs.  4,  6),  have  the  central  and  external 
marginal  veins  brown  at  their  bases,  while  the  prolongation  of  the  central 
veins,  the  urachset*,  are  long,  slender  and  recurved  at  their  apices,  forming  a 
hook  (PI,  IV,  fig.  6).  The  external  margii^s  of  the  pinnura  are  fringed  with 
delicate  hairs  from  the  uraehu'ta'  to  tlie  apex  of  the  external  veins. 

Length  of  pupal  period. — The  pupal  stage  lasts  from  two  and  one-half  to  three 
days  according  to  weather  conditions. 

Habits  of  pupa:. — The  pupte,  as  a  rule,  remain  at  the  surface  in  full  sunshine, 
but  swim  very  rapidly  to  the  bottom  or  among  or  beneath  the  layers  of  algie  when 
any  object  comes  near.  They  can  remain  submerged  for  from  fifteen  to  forty- 
five  seconds,  but  usually  return  to  the  surface  almost  immediately.  Their  pale 
gray  color  makes  them  verj'  diflicult  to  detect,  and  were  they  to  remain  quiet  at 
the  surface  they  would  be  well  proti'cted  by  the  background  of  green  or  light 
gray  of  the  decaying,  matted  algae.  No  special  or  notworthy  difference  appears  to 
exist  between  their  position  and  that  of  the  pups  of  Culew  microannulatua  Theob., 
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with  which  they  are  often  intimately  associated.  A  mass  of  congr^ated  pupe 
will  frequently  contain  individuals  of  hoth  species  in  about  equal  number  and 
the  pupsp  of  Myzomyia  are  only  distinguishable  by  their  lighter  color  and  slightly 
nmaller  size. 

Myzomyia  ludlowii  Theob. 

Description  of  adult  female  *  ( PI.  V,  fig.  1 ) . — Palpi  deep  brown,  the  apex  broadly 
white-baUded,  another  small  band  clone  to  it  and  a  third  much  lower  down  (PI. 
VII,  fig.  2)  ;  proboscis  deep  brown,  with  distinct,  creamy-white  tip.  Thorax  fawn- 
colored  in  the  middle,  dark  bro\\'n  nt  the  sides,  with  a  median  and  lateral  dark 
lines  and  curved,  hair-like,  pale  scales;  abdomen  brown,  with  pale  hairs.  L^ 
mottled  and  spotted  with  yellow;  tarsi  apically  and  basally  pale,  banded.  Wings 
>vith  4  large  costal  spots  and  one  or  two  small  basal  ones,  most  of  the  veins  of 
wing  area  pale  scaled.     (PI.  VII,  ^g.  3.) 

9  Head  pale  brown,  with  narrow,  pale  scales  and  pale  and  brown,  upright, 
forked  ones,  a  pale,  median  tuft  projecting  forwards;  antenns  brown,  basal  joint 
pale  ferruginous;  proboscis  deep  brown,  apex  creamy,  palpi  deep  brown,  with 
a  broad,  creamv,  apical  band,  and  near  it  another  narrow,  pale  band,  the  re- 
mainder divided  by  another  narrow,  pale  band,  base  densely  dark  scaled. 

Thorax  fawn-colored  in  the  middle,  dark  brown  at  the  sides,  with  a  median, 
dark  line  and  a  narrow,  dark  line  on  each  side  of  the  pale  area,  with  scanty, 
hair-like,  curved,  pale  scales  and  traces  of  a  dark  spot  before  the  scutellum,  which 
is  pale  brown,  with  narrow  hair-like  scales;  pleurse  brown,  mottled  with  gray. 

Abdomen  brown,  with  narrow,  curved,  hair-like  scales  and  pale  posterior 
border-bristles. 

Legs  brown,  the  femora  and  tibiip  and  metatarsi,  especially  in  the  hind  legs, 
spotted  with  yellow;  tarsi  with  broad,  apical  and  basal,  pale  banding,  especially 
on  the  hind  legs;  ungues  small,  equal  and  simple. 

Wings  with  4  large,  dark,  costal  spots  and  two  small,  basal  ones,  the  apical 
spot  small,  extending  evenly  on  to  the  first  long  vein;  this  is  followed  by  a  pale 
area  nearly  twice  as  long  as  the  black  apical  spot.  The  second  black  spot  is 
about  the  same  length  as  the  preceding  pale  one,  and  spreads  evenly  on  to  the 
first  long  vein;  the  next  pale  area  is  slightly  longer.  The  third  black  spot  is  the 
largest  and  spreads  nearly  evenly  on  to  tlie  subcf)8tal  vein,  while  beneath  it  on 
the  first  longitudinal  is  a  largo,  black  line  and  then  a  small,  pale  area  followed 
by  a  small,  black  spot,  the  black  line  not  beginning  directly  under  the  costal  spot. 
The  fourth  black  spot  is  separated  from  the  third  by  a  very  small,  pale  area, 
and  extends  evenly  on  to  the  subcostal  and  first  longitudinal;  at  the  base  is 
another  small,  black  spot.  The  second  long  vein  has  dark  scales  on  each  side 
of  the  cross-vein  and  a  dark  spot  on  the  upper  branch  of  the  fork-cell  under 
the  apical  costal  spot,  and  another  small  one  near  its  base;  the  lower  branch  has 
an  apical  STX)t  and  a  larger  one  near  its  base.  The  third  long  vein  has  a  black, 
apical  8i)ot  and  a  dark  p  tch  on  each  side  of  the  cross-veins;  the  fourth  is  mainly 
dark  on  each  side  of  the  cross- veins,  and  has  2  dark  spots  on  the  upper  branch, 
one  near  the  base  and  two  on  the  lower  branch;  the  fifth  hss  a  black  spot  at  its 
root,  3  on  the  upper  branch  and  one  at  the  apex  of  the  lower  branch;  the  sixth 
has  2  dark  spots.  The  first  submarginal  cell  is  a  little  longer  and  decidedly 
narrower  than  the  second  posterior  cell,  its  base  slightly  nearer  the  apex  of  the 
wing  than  that  of  the  second  posterior  cell,  its  stem  as  long  as  the  cell;  stem  of 
the  second  |)osterior  considerably  lon<;er  than  the  cell;   supernumerary  and  mid 

*Thi.s  description  of  the  female  adult  (PI.  V,  fig.  1)  is  faken  from  Theobald, 
Mono.  CuUc.  (1903).  3,  42.  while  that  of  the  male  is  prepared  by  myself,  this 
sex  havincr  never  been- described. 
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cross-veinH  in  one  line,  the  posterior  rather  more  than  twice  its  length  distant 
from  the  mid,  but  very  variable,  sometimes  step-like;   fringed  wilh   pale  spots. 
Length. — 4  to  4.8  millimeters. 
Habitat. — Luzon,  Philippine  Islands    (Miss  C.  S.  Ludlow). 

Time  of  capture. — April. 

Observations. — Described  from  a  number  of  specimens.  A  very  variable  species, 
somewhat  like  Rosii  at  first  sight,  but  easily  told  by  the  sj)otted  legs  and  much 
shorter  fork-cells.  Tlie  base  of  the  first  submarginal  is  always  slightly  nearer 
the  apex  of  the  wing,  and  the  costal  spots  differ  slightly,  but  are  to  some  extent 
variable.  The  cross-veins  are  most  unstable.  The  palpi  are  very  similar,  but 
the  apical  band  in  Rossii  is  ratlier  longer.  The  cliicf  difference  is  that  in  Rossii 
the  second  white  band  is  a  third  of  the  way  down  the  palpi ;  in  tliis  species  it 
is  less,  and  the  black,  intervening  area  is  much  smaller. 

Description  of  adult  male  (PI.  V^,  fig.  2).-  Pale-gray,  tlie  disc  of  the  thorax 
being  lighter  than  other  parts  of  the  body,  the  abdomen  and  j)leur{e  of  thorax 
darkest.  Head  with  dark-brown,  erect  scales  at  sides  and  white  ones  in  middle 
of  occiput.  Eyes  ruby-red,  witli  curved  bristles  projecting  over  tliem  anteriad 
from  their  posterior  margins;  frontal  tuft  long,  cristate,  prominent,  antennae 
pale  golden-brown  two  distal  segments  dark-brown;  tlie  3-jointed  palpi  long, 
slender,  except  the  two  apical  segments  which  are  tumescent  (PI.  VIT,  fig.  1), 
with  rounded  apices  and  the  penultimate  having  an  internal  tuft  of  long,  golden 
hairs  at  its  base;  basal  §  of  first  papal  joint  dark-brown,  followed  by  narrow, 
white  band:  apical  %  or  less,  dark-brown  with  a  long,  narrow,  white  spot  covering 
its  middle  third  and  a  transverse,  triangular,  white  spot  at  its  apex.  The  second 
segment  all  white  above,  except  a  narrow,  brown  area  at  its  base,  the  entire  under 
surface  being  brown  also;  the  apical  segment  nearly  all  white,  except  a  very 
narrow  area  of  brown  at  its  base,  the  proboscis  dark-brown,  except  the  tip  which 
IS  lighter.  The  palpi  and  prolH>scis  are  of  the  same  length.  Around  the  lower 
rim  of  the  eyes  is  a  fringe  of  dark-brown  hairs,  pointing  posteriad. 

The  denuded  thorax  shows  one  median  and  one  snbmedian,  thin,  dark  line  on 
anterior  J,  the  remaining  surface  being  covered  with  a  whitish  ])ruinescence. 

The  costte  of  the  tliorax  are  longitudi::ally  strijMnl  dark  brown  and  gray, 
there  being  approximately  13  or  14  stripes.  The  prothoracic  lobes  are  well  defined 
and  bear  a  tuft  of  dark-brown  setie.  The  scutellum  is  perfectly  nude,  gray  and 
with  a  transverse,  median,  dark  brown  spot ;  the  meanotum  nude,  dark  gray. 
Halters  pale  gray   with   brown   knobs. 

The  abdominal  segments  uniformly  dark  mottled-brown  with  the  entire  surface 
uniformly  decoratwl  with  fine,  golden  setir.  On  the  eighth  segment  and  the 
har{)es  dorsally  the  surface  is  covered  with  white  scales,  in  addition  to  the 
abundant,  golden  setae. 

The  wings  are  as  in  the  female,  except  that  they  are  paler. 

The  legs  are  uniformly  golden  and  brown  mottled,  the  a])ices  of  the  tibije, 
metatarsi  and  t^irsi  being  pale,  Ixanded,  especially  the  posterior  tarsi  which  are 
themselves  darker  than  the  remainder  of  the  legs. 

The  first  anterior  tarsal  joint  lias  a  double  row  of  short,  stout,  dark  spines  on 
its  entire  lower  surface,  there  being  about  lOH  in  alternate  succession.  The 
empodium  is  \  the  length  of  the  fifth  tarsal  joi-  t.  its  median  seta  making  its 
total   length   \  that  of  the  joint.     There  is  a  small,  blunt   spur  at   its  base. 

The  anterior  tarsjil   ungues    (PI.   VIII.   fig.    1)    are  un(H]ual.  the  larger  l>eing 

eiirvetl  and  having  a  single  tooth  at  the  middle. 

Length  of  (J  5  millimeters,  length  of  wing  3  millimeters. 
Manila,  P.  I. 

Time  of  breeding,  14  August,  1900. 

Type  cJ,  No.  ;>744  in  Entomological  Collection,  Bureau  of  Science.  Manila.  P.  I. 
62668 4 


526  BANKS. 

Only  the  female  of  this  species  has  been  described  previously  by  Theo- 
bald, and  I  find  no  mention  of  the  male  having  been  taken.  All  my  males 
were  obtained  by  breeding.  They  are  about  eijually  as  abundant  as  the 
females  in  bred  material. 

I  have  noted  that  when  at  rest,  the  males  fold  their  wings  so  that  the 
costal  edges  instead  of  l>eing  parallel,  as  in  the  female,  converge  pos- 
teriorly, giving  the  insect  a  distinctly  tapering  apj)earance.  This  feature 
will  be  a  sure  guide  to  distinguishing  the  sexes  in  living  specimens  when 
they  are  at  rest,  and  even  when  the  palpi  are  not  readily  visible  or  distin- 
guishable. The  males  feed  readily  on  banana  and  suck  large  quantities 
of  salt  water,  their  abdomina  often  appearing  almost  transparent  from 
the  amount  taken.  The  stRicture  of  the  mouth-j)arts  of  the  male  is  such 
that  it  is  impossible  for  it  to  puncture  the  skin  and  therefore  it  can  not 
bite. 

HABITS   OF   THE   ADULT. 

Contrary  to  the  general  rule  and  to  my  expectations,  this  mosquito  is 
essentially  a  dry-season  form ;  that  is  to  say,  it  is  most  prevalent  during 
the  months  from  November  to  June.  I  believe  it  to  be  a  strictly  salt- 
water form,  delighting,  during  the  larval  and  pupal  stages,  in  the  brightest 
sunshine.  This  explains  its  comparative  scarcity  in  the  rainy  season. 
Its  breeding  grounds,  because  of  the  tides,  never  dry  completely.  The 
temperature  during  the  dry  period  is  very  favorable  to  the  multiplication 
of  several  generations.  The  lack  of  hard  rains,  which  would  beat  the 
surface  of  the  water  in  the  breeding  places,  makes  it  possible  for  the 
greatest  number  of  eggs  to  hatch  and  of  larvse  to  reach  maturity,  while 
the  adults  find  sufficient  shelter  from  the  sun,  which  is  fatal  to  them,  in 
the  dense  foliage  and  along  the  banks  of  their  breeding  places. 

If  the  adults  are  disturbed  during  the  bright,  sunny  hours  of  the  day, 
they  invariably  fly  but  a  short  distance,  alighting  in  the  characteristic 
attitude,  always  in  the  shade  and  usually  upon  the  underside  of  a  leaf. 

These  mosquitoes  are  frecpiently  found  in  houses  and  their  favorite 
resting  places  are  the  undersides  of  tables,  cuj)boards,  beds,  in  the  dark 
corners  of  ceilings  or  upon  tlie  portions  of  dark  clothing  which  are  shaded. 
The  females  are  the  ones  invariably  encountered.  It  appears  that  the 
males  never  leave  the  vicinity  of  their  breeding  places. 

I  have  observed  that  both  sexes  drink  salt  water  when  they  are  kept 
in  confinement,  usually  within  an  liour  aft-er  their  emerging  from  the 
pupa. 

Copulation. — The  sexes  are  equally  active  and  in  the  late  afternoon  they  may 
be  found  copulating,  hoih  in  the  free  state  and  in  captivity.  The  mode  of  copula- 
tion is  the  same  as  that  of  Stegomyia.  The  females  which  hang  from  the  leaf 
or  the  pauze  over  the  hreedinj,'  jars,  loose  their  hold  with  their  middle  legs  and 
hang  only  by  the  fore  leps  when  a]»proached  by  the  males.     The  latter  fly  against 
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them  from  the  ventral  side,  entangling  their  legs  with  those  of  the  female,  the 
anterior  pair  being  clasped  around  the  thorax  just  back  of  the  neck  and  the 
middle  pair  being  sometimes  apposed  to  those  of  the  female,  sometimes  entangled. 
The  act  of  copulation  then  takes  place  and  may  last  as  long  as  30  seconds,  the 
male  flying  away  to  another  part  of  the  jar  and  the  female  proceeding  to  preen 
herself  after  the  manner  of  house  flies.  One  male  has  been  observed  to  copulate 
with  four  or  five  females  within  a?  many  minutes.  None  of  tlie.se  mosquitoes 
have  been  observed  doing  so  while  on  the  wing,  although  it  is  not  unlikely  that 
this  does  occur. 

Egg-laying. — The  female  when  about  to  lay  her  eggs  wanders  on  the  wing  just 
above  a  place  where  the  algie  are  partly  out  of  the  water.  She  settles  down 
after  a  short  time,  walking  somewhat  rapidly  over  the  surface,  trying  different 
places  with  the  tip  of  the  abdomen.  During  this  latter  process  the  body  is  about 
parallel  with  the  surface  of  the  water,  while  the  head  and  palpi  are  inclined  down- 
ward. This  is  apparently  the  only  time  in  this  mosquito's  life  as  an  adult  when 
her  head  and  proboscis  are  not  in  a  line  with  the  main  axis  of  the  body.  When 
the  ovipositor  encounters  a  small  particle  either  of  the  alg«e  or  of  other  material 
projecting  a  short  distance  above  the  surface  film,  the  female  stops,  palpates 
with  the  tip  of  the  body  and  almost  immediately  oviposits,  going  thus  from 
point  to  point  till  she  has  laid  from  ten  to  twenty-five  eggs,  she  then  stops  for  a 
time  to  preen  herself  and  to  rest.  Sometimes  as  many  as  seven  or  eight  eggs  will 
be  laid  in  a  place.  As  the  females  which  laid  their  eggs  in  captivity  did  so  only 
after  having  been  fed  a  meal  of  blood,  I  suppose  that  those  observed  in  nature 
had  also  procured  such  food,  although  at  the  time  of  the  observations  their 
bodies  showed  no  signs  of  having  blood  within  them.  This  may  be  due  to  the 
fact  that  the  eggs  are  laid  some  five  or  six  days  after  the  insect  has  fed.  Those 
mosquitoes  which  were  observed  laying  in  captivity  were  seen  to  have  white 
masses  of  eggs  within  the  abdomen  posteriorly,  just  before  they  were  observed 
to  begin  ovipositing. 

Habits  of  the  female. — Tlie  female  is  much  more  active  than  the 
male  after  copulation,  which  occurs  after  thirty-six  hours  of  emergence. 
Although  she  remains  quiescent  during  the  day,  she  is  very  alert  after 
5  o'clock  in  the  afternoon.  In  both  sexes  the  position  of  the  body  is 
even  more  pronounced  than  that  shown  in  drawings  and  sketches  of 
Anophelina*  by  various  authors.  In  some  instances  individuals  are  seen 
which  have  the  body  nearly  at  a  right  angle  to  the  surface  upon  which 
they  are  at  rest  and  the  posterior  pair  of  legs  is  bent  up  over  the  back  so 
that  the  tarsi  arc  not  verv  remote  from  the  dorsum  of  the  thorax.  The 
female  when  disturbed  flies  off  very  rapidly  in  a  straight  line,  and  if 
annoyed  when  in  the  act  of  inserting  her  proboscis  for  l)iting,  she  almost 
invariably  returns  to  the  same  point  to  renew  the  attack.  When  resting 
upon  a  wall  or  other  object  the  females  of  Myzomyia  ludlowii  Theob., 
are  not  difficult  to  capture  in  very  small  vials,  provided  the  extended 
hind  legs  are  not  touched.  -These  limbs  are  evidently  intended  to  serve 
the  same  purpose  as  the  rostral  hairs  of  animals  like  tigers,  cats  or  mice. 
They  are  kept  in  almost  constant  motion,  sometimes  one  is  elevated, 
more  frequently  both.  The  males  are  somewhat  more  wary  than  the 
female^. 
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Blood-suck'iny. — The  females  of  these  mosquitoes  attack  readily  in 
the  evening;  during  the  day  it  is  not  easy  to  persuade  them,  even  when 
the  receptacle  containing  them  is  covered  with  a  black  cloth.  When 
one  of  the  insects  settles  upon  a  chosen  sj)ot,  its  palpi  are  immediately 
elevated  and  the  stylets  of  the  proboscis  inserted,  sometimes  to  within 
less  than  a  millimeter  of  their  base.  During  the  process  of  inserting 
the  stylets,  the  female  wriggles  her  palpi  in  a  manner  which  seems  plainly 
to  suggest  the  pleasure  which  the  act  affords.  After  she  has  begun  to 
draw  blood,  the  motion  of  the  palpi  decreases  somewhat,  but  does  not 
entirely  cease  until  she  has  completed  the  meal  and  withdrawn  her 
proboscis. 

An  invariable  habit  of  these  mosquitoes  while  feeding  on  blood  for 
the  first  time  is  that  of  voiding  a  serum-like  liquid  from  the  anus  in  a 
continuous  stream  of  droi)lets.  This  is  succeeded  by  pure  blood  with  the 
corpuscles  intact.  An  amount  equal  to  that  retained  in  the  body  will 
frequently  be  expelled  in  this  manner  in  five  or  six  minutes  from  the 
time  the  insect  begins  to  bite.  These  dejecta  retain  all  the  microscopic 
appearances  of  uningested  blood,  excepting  that  the  corpuscles  are  fewer 
in  number,  the  greater  part  having  been  retained,  probably  in  the  stomach. 
All  dejecta,  subsequent  to  this  peculiar  one,  are  of  the  nonnal  flyspeck 
kind,  and  contain  the  usual  waste  products  of  digestion.  It  appears  as 
if  the  first  meal  of  blood  which  the  insect  takes,  acts  as  a  very  rapid  cathar- 
tic and  prepares  the  system  for  the  digesting  and  assimilating  of  succeed- 
ing meals.*^  Unfortunately,  no  observations  were  made  upon  mosquitoes 
fed,  previous  to  sucking  blood,  on  the  juice  of  bananas. 

Smceptihilities  and  idiosyncracies. — Female  mosquitoes  of  this  spe- 
cies stand  confinement  very  much  better  than  males,  the  latter  dying 
in  from  two  to  four  days  after  emerging,  even  when  abundantly  supplied 
with  food  which  they  appear  to  enjoy.  The  females  may  he  kept  alive 
for  at  least  twenty-three  days  by  feeding  them  on  blood  every  alternate 
day.  It  has  been  stated  that  unmodified  sunlight  is  fatal  to  the  adult 
mosquito,  but  the  males  succumb  to  such  conditions  very  much  more 
rapidly  than  the  females.  They  are  in  every  way  more  fragile  than  the 
other  sex.  They  have  never  been  seen  to  gorge  themselves,  either  with 
juice  from  ripe  bananas,  water  or  sugar  sirup,  as  do  the  females,  and 
of  course  they  positively  db  not  suck  blood.  This  has  been  thoroughly 
demonstrated  by  trials  with  more  than  five  hundred  male  mosquitoes 
under  everv  condition  which  could  arise.  If  thev  can  be  directed  to  a 
drop  of  blood  placed  on  the  side  of  the  vessel  containing  them,  they  will 
si])  it  up  daintily  for  a  short  time,  but  never  remain  at  it,  as  do  the 
tVmales,  until  the  last  bit  has  been  drawn  up. 

^  It  may  be  that  the  saline  character  of  the  blood  gives  it  this  cathartic  effect. 
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MOSQUITOES   AND   MAIARIAL   PARASITES. 

The  examination  of  some  five  hundred  blood  smears  from  about  fifty 
patients  in  the  "naval  sick  quarters"  at  Olongapo  demonstrated  the 
presence  of  both  tertian  and  aestivo-autumnal  parasites,  the  former  com- 
prising about  65  per  cent  of  tlic  cases,  the  latter  35  per  cent.  In 
no  instance  was  the  parasite  of  the  quartan  infection  positively  identified, 
either  microscopically  or  clinically.  Abundant  material  was  therefore 
continuously  at  hand  for  purposes  of  experimentation,  and  there  was  not 
a  single  case  in  which  any  of  the  men  objected  to  allowing  themselves 
to  be  bitten  as  many  times  as  I  desired.  Many  of  the  men  were  examined 
only  once,  but  a  number  had  fifty  to  sixty  slides  made  from  their  blood 
in  various  stages  of  the  development  of  the  parasite  and  several  of  them 
were  bitten  by  not  fewer  than  twenty-five  to  thirty  mosquitoes,  this,  of 
course,  including  some  who  were  bitten  as  often  as  twelve  to  fourteen 
times  bv  the  same  insect. 

METHODS   OF   BREEDING. 

Two  methods  were  used  for  obtaining  the  adult  mosquitoes  for  purposes 
of  biting,  one  being  to  construct  a  cage  over  the  breeding  pond  and  to 
take  the  adult  females  during  the  early  morning;  the  other  to  collect 
many  of  the  mature  pupae  at  ^bout  4  o'clock  in  the  afternoon  and  to  wait 
for  the  emergence  of  the  insects  on  the  same  evening,  which  in  the  great 
majority  of  cases  took  place  between  6  and  8  o'clock,  although  in  fewer 
instances  the  time  was  retarded  until  the  next  morning.  It  was  found 
that  those  emerging  at  eventide  were  ready  and  willing  to  bite  by  9  or 
9.30  o'clock  at  night,  but  that  those  which  appeared  in  the  early  morning 
seldom  were  ready  to  attack  until  the  succeeding  night  after  G  o'clock. 

As  soon  as  the  adult  mosquitoes  emerged  and  had  dried  sufficiently 
to  be  able  to  take  flight,  they  were  removed  from  the  breeding  receptacle 
directly  into  glass  tubes  IG  centimeters  long  and  4  centimeters  in  diameter, 
over  one  end  of  which  were  fastened,  by  means  of  rubber  l)ands,  pieces  of 
plain  gauze.  Wads  of  absorbent  cotton  were  pressed  into  the  other  ends 
of  the  tubes,  but  not  too  tightly  to  prevent  a  circulation  of  air.  When 
in  the  tube,  the  mosquitoes  generally  rested  upon  the  gauze  and  this  was 
sprinkled  daily  with  water,  which  the  insects  drank  each  time  it  was 
applied.  I  attempted  to  ol)serve  whether  the  insects  would  copulate  in 
the  tubes,  but  have  never  seen  them  do  so,  although  eggs  developed  in  one 
or  two  females,  so  that  fecundation  had  probably  taken  place,  in  placing 
males  and  females  into  the  tubes,  care  was  taken  to  select  only  those 
females  which  had  not  copulated  in  the  breeding  jar.  They  were  care- 
fully watched  during  emergence  and  removed,  in  some  cases,  even  before 
the  integument  had  dried.  None  of  these  mosijuitoes  were  used  for 
breeding  purposes. 
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INOCULATION   OF   M08QUIT0E8. 

At  the  beginning  of  the  work  numbers  of  mosquitoes  were  fed  upon 
blood  from  persons  negative  for  the  malarial  parasite,  and  I  also  allowed 
several  of  the  insects  to  bite  me.  The  mosquitoes  were  dissected  at  inter- 
vals of  from  eighteen  hours  to  several  days  after  biting,  for  the  purpose 
of  becoming  perfectly  familiar  with  the  appearance  of  the  internal  organs, 
including  the  stomach,  tlie  thoracic  cavity,  muscles,  and  the  salivary  glands 
under  normal  conditions.  After  this  had  been  done  and  the  technique 
thoroughly  outlined,  patients  were  selected  whose  blood  had,  upon  exam- 
ination, shown  the  greatest  number  of  parasites  of  the  aestivo-autumnal 
type,  which  was  chosen  because  of  its  great  prevalence  among  the  troops 
and  the  presence  in  the  hospital  of  men  who  at  the  time  were  well  infected 
by  the  crescent  forms.  The  tubes  used  to  carry  on  the  work  were  prepared 
so  that  some  contained  a  single  insect,  others  held  six  and  others  twelve ; 
those  with  but  one  \yemg  kept  for  voluntary  cases  who  would  submit  to 
being  bitten  by  tlie  infected  mosquitoes.  The  others  contained  insects 
which  were  to  be  allowed  to  bite  malarial  persons  and  then  were  to  be 
placed  in  alcohol  or  dissected  at  various  periods  in  the  development  of  the 
parasites. 

Dissection  of  mosquitoes. — Six  hours  after  the  mosquitoes  had  first 
bitten  the  patient,  the  insects  were  dissected  and,  from  the  blood  within 
the  ventral  reservoir,  smears  were  made  upon  slides,  fixed  and  stained 
with  Wright's  stain  after  the  usual  method.  At  first  some  difficulty  was 
experienced  in  obtaining  a  satisfactory  adhesion  of  this  blood  to  the 
slides.  It  was  found  that  by  either  heating  alone,  or  fixing  with  absolute 
alcohol  and  ether  alone,  the  blood  would  largely  be  removed  when  it 
came  to  staining  the  slide.  Finally,  a  combination  of  the  two  processes 
was  used,  heating  first  and  treating  with  alcohol -ether  afterwards  being 
resorted  to. 

The  crescents  and  ovoids  were  demonstrated  in  the  blood  obtained  as 
above,  but,  unfortunately,  mosquitoes  in  this  stage  were  not  placed  in 
alcohol,  so  that  no  specimens  of  this  part  of  the  phenomenon  were  pre- 
served except  on  the  smears  of  blood  taken  from  the  stomachs  of  the 
insects. 

Mosquitoes  were  dissected  daily  from  the  time  of  the  first  ingestion 
of  blood,  but  nothing  of  interest  was  noted  in  the  unstained  tissues  up 
to  the  day  when  the  swellings  in  the  gastric  mucosa  indicated  the  probable 
growth  of  the  oocysts.  The  fourth  and  fifth  days'  dissection  demonstrated 
a  considerable  enlargement  of  the  oocysts,  which  attained  a  diameter  of 
from  30  to  60  ft.  On  the  sixth  and  seventh  days  they  were  for  the  greater 
part  found  as  collapsed  bodies  on  the  ca?lular  surface  of  the  stomach  wall. 

Sectioning  of  mosquitoes. — Further  tracing  of  the  parasites  in  any 
but  sectioned  specimens  was  impracticable.  Mosquitoes  were  therefore 
put  into  alcohol  and  sent  to  ^lanila  for  sectioning,  so  that  all  stages  of  the 
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passage  of  the  parasites  to  the  salivary  glands  might  l)e  traced.  By  this 
means  their  presence  in  all  the  intervening  tissues  hetween  the  stomach 
and  the  salivary  glands  was  demonstrated.  The  accompanying  photo- 
micrographs (PL  IX,  figs.  2,  3,  and  4,  and  PI.  X)  show  them  also  in  the 
interstices  between  the  miiscle-fihers  of  the  thorax,  and  in  the  salivary 
glands  themselves. 

Appearance  of  the  sporozoites. — Specimens  stained  with  haematoxy- 
lin-eosin,  prepared  according  to  the  ordinary  formula,  show  the  normal 
muscular,  glandular,  and  connective  tissues  stained  red  or  blue,  while 
within  the  cell  structure  itself  innumerable,  extremely  small  granules, 
either  globular  or  elongate,  appear,  measuring  not  more  than  0.75  /*  in 
diameter  and  of  a  dark  brown  color.  Thev  are  not  onlv  found  within 
the  cells  of  the  tissue,  but  also,  as  is  shown  by  certain  salivary  glands 
examined,  adherent  to  the  external  walls  of  the  gland  cells.  This  phe- 
nomenon is  shown  in  Plate  IX,  fig.  4,  at  the  point  marked  spor. 

TRANSMISSION    OF   THE    PARASITE. 

Upon  going  to  Olongapo,  it  was  not  my  intention  as  it  was  not  my 
hope  to  procure  volunteers  who  would  be  willing  to  submit  to  being 
bitten  by  mosquitoes  infected  with  malarial  organisms,  so  that  I  said 
nothing  except  in  a  suggestive  way  to  the  gentlemen  in  charge  of  the 
medical  work  at  this  station,  until  I  had  reached  to  the  stage  of  demon- 
strating the  oocysts  in  the  stomach  wall  of  the  mosquito.  Finally  I 
obtained  one  volunteer,  the  result  being  as  follows : 

Case  T.  Volunteer  malarial  infection. — J.  C.  B.  liad  been  in  the  Philippines 
nearly  two  years;  his  medical  history  during  his  six  years'  service  in  the  Navy 
gave  no  indication  of  his  ever  having  had  malaria.  His  statements  were  also 
to  the  effect  that  he  had  never  had  malaria,  chills  and  fever,  or  any  illness  that 
would  point  to  his  having  been  infected.  Many  examinations  of  his  blood  demon- 
strated continuous  absence  of  malarial  parasites. 

The  patient  was  first  bitten  by  a  malaria-infected  mosquito  at  5  p.  m.  of  June 
1,  1907.  Tliis  mosquito  did  not  draw  any  bloml,  after  having  rei)eatedly  thrust 
its  proboscis  into  the  patient's  arms  at  different  points.  On  the  morning  of  June 
2  at  8  he  was  again  bitten  by  the  same  mosquito  and  by  two  others  which  were 
confined  together  in  another  tube.  At  10..30  on  the  morning  of  June  .S,  at  10.30 
a.  m.  of  June  4,  and  at  8.30  a.  m.  of  June  0  he  was  rebitten  by  tlie  same  three 
mosquitoes,  they  having  had  no  other  alimentation  l)eyond  that  furnished  by  his 
blood.  Every  day,  except  <m  June  S,  he  showed  a  slight  rise  of  temperature,  but 
never  above  37.4°  C.  On  .lune  9  the  patient  complained  of  malaise,  severe  head- 
ache and  chill,  which  latter  was  not  very  marked.  Temperature  at  12  o'clock, 
38.3°  C.  In  the  evening  the  patient  again  felt  well  and  during  the  next  day  his 
temperature  was  practically  normal.  On  .lune  11  tlie  temperature  rose  to  38°  C, 
the  patient  having  a  slight  chill,  althcmgh  he  did  not  lie  down  nor  desist  from 
his  routine  work.  From  June  11  until  the  time  of  my  departure,  he  had  no 
further  rise  of  temperature  and  no  chill;  he,  however,  continued  his  chart  up 
to  and  including  July  (3.  It  shows  that  on  June  24  he  had  a  slight  chill  and 
that  on  the  next  day  his  temperature  was  37.7°  not  rising  again  until  June  28 
when  it  reached  38°  C*.,  and  again  on  July  2,  38.2"*  C.  On  July  1  the  patient 
had  headache,  nausea,  and  general  listleasnessy  with  loss  of  appetite  and  frequent 
dizzy  spells.    On  »September  4  he  rw  Imm*  ^r  iin^  ^  mM  of  feter 
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commencing  with  August  l^  to  August  14.  I  kept  track  of  my  morning  and 
evening  temperatures  »  »  ♦  noting  tliem  down  in  my  *  ♦  ♦  journal 
The  afternoon  of  August  3  I  Iiad  a  chill  and  a  temperature  of  38.5°,  then  around 
37.2°  and  38.3°  V.  until  August  0  when  I  had  another  chill  and  a  temperature 
of  39.2°  C,  then  fever  off  and  on  till  the  14th  of  August." 

Examination  of  blood  from  the  patient.— On  June  3  three  slides  were  taken  at 
8  o'clock.  Transparent,  motile  amoeboid  bodies  moving  freely  from  one  red  corpus- 
cle to  another  were  observed  in  a  glass  cell.  They  were  evidently  parasites  which 
were  too  debile  to  enter  the  corpuscles.  Nothing  was  noted  on  June  4.  On  the 
morning  of  June  5  the  .same  bodies  were  seen  in  the  blood  serum.  They  appeared 
to  move  with  greater  vigor.  The  eosinophiles  had  attache<l  large  numbers  of 
these  bodies  to  themselves  and  in  many  instances  they  had  engulfed  them.  On 
June  0  a  stained  slide  gave  a  blue  body  within  the  pink  corpuscle,  but  its  iden- 
tification was  not  certain.  On  the  morning  of  June  7  the  first  positive  iden- 
tification of  a  parasite  was  made.  It  was  half  grown,  of  the  sestivo-autumnal 
type.  It  was  moving  very  slowly  around  an  axis  without  appreciably  changing 
its  shape.  The  nucleus  was  plainly  visible  when  stained  and  pigmentation  had 
just  begun.  Another  slide  was  taken  on  the  same  morning  and  .stained  by 
Wright's  method.  It  demonstrated  several  parasites  in  the  half-grown  stage.  On 
June  9  the  parasites  were  again  positively  identified,  also  on  June  10  to  12,  but 
not  on  tlie  13th.  On  June  14  parasites  were  observed  in  the  presegmenting  stage, 
and  on  June  15  and  10  they  were  seen  in  all  stages  up  to  that  of  presegmentation. 
On  June  17  a  perfect  lestivo-autummal  pre-crescent  ring  was  found,  as  also  on  the 
18th,  which  was  the  last  day  of  taking  the  blood. 

A  noteworthy  feature  of  tliese  blood  examinations  was  the  great 
numbers  of  parasites  that  were  included  by  the  phagocytes.  Parasites 
which  were  seen  to  attack  a  red  corpuscle  at  one  moment  would  be 
engulfed  the  next  by  an  eosinophile,  although  the  phenomenon  of  the 
parasite  entering  the  red  corpuscle  was  frequently  observed. 

It  should  be  borne  in  mind  that  the  patient  was  bitten  by  infected 
mosquitoes  up  to  June  (>,  so  that  naturally  his  blood  would  present  an 
increasing  number  of  parasites  in  the  peripheral  circulation  toward 
the  latter  part  of  the  experiment. 

CONCLUSIONS. 

The  work  on  transmission  performed  upon  the  case  cited  al)ove  was 
in  eveiy  way  of  such  a  positive  character,  the  after  effects  so  marked  and 
the  previous  history  of  the  ])aticnt  so  well  ascertained  that  there  remains 
no  doubt  in  mv  mind  as  to  the  validitv  of  the  tests  made.  However,  it 
seems  ver}*  desirable,  in  order  to  subject  this  question  to  further  concise 
test,  that  a  number  of  volunteers  l)e  secured  to  undergo,  in  properly  con- 
stmcted  cages,  an  isolation  period  followed  by  inoculation  by  Myzomyia 
huUowii  Theob.,  and  as  soon  as  the  season  of  abundance  for  these  mosqui- 
toes returns  1  shall  carry  out  further  exj)eriments  looking  to  this  end. 
The  results  of  tiie  continuous  experiment  at  Olongapo  have  been  published 
at  this  time  as  it  may  not  be  possible  to  furnish  further  proof  until  several 
months  have  elapsed,  and  it  was  not  tli(ni<rht  desirable  to  delay  the 
publication  of  the  work  so  far  done. 


ILLUSTRATIONS. 


Map  of  Olongapo,  Zambales^  showing  Ignited  States  naval  station  and  surrounding 
region  with  breeding  places  wliere  Myzomyia  tudlowii  Theob.,  was 
actually  found.  indicate<l  by  red  cross  lines. 

Plate  I. 

Fio.   1.  Kgg  of  Myzomifin  ludlowii  Theob.,  top  view,  showing  micropyles.     1X2;'). 

2.  Egg  of  Myzomyia  ludUnrii  Theob.,  side  view,  showing  large  and  small  air- 

chambers.     1X25. 

3.  Full  grown  larva  of  M.  ludlowii  Theob.     IX 10. 

4.  Respiratory  aperture  of  siphonette  of  larva,  showing  vitelline  tubercle  in 

center  of  upper  ray  with  the  corresponding  socket  near  middle  of  star 
and  tracheal  openings  in  upper  part  on  each  side.     1X40. 
,    5.  Right  mandible  of  larva,   showing  dentation   and  auxiliary  bristles  and 
palpuli.     1X240. 

6.  Eighth   and    ninth    abdominal    segments   of    larva,    showing    (A)    anchor 

bristles,  (B)  respiratory  siphonette,  {V)  lateral  comb,  (/>)  tuliercle  for 
propelling  setse,  (E)  anal  gills,  and  (/')  propelling  setje. 

7.  Quadrifurcate  seta  from  comb,  the  type  of  numerous  seta?  distributed  over 

various  parts  of  the  l)ody  of  the  larva.     1X240. 

Plate  II. 

Fio.   1.  Head  of  full  grown  larva,  showing  ductotaxy  and  markings.     1X00. 

2.  Labium  of  larva,  with  base  of  cly|)eus.      1X400. 

3.  Maxilla  of  larva,  showing  external,  multiple  seta  and  palpus.     1X400. 

4.  Ventral  and  lateral  asp(»cts  of  the  labial  plate  of  larva,  the  lateral  aspect 

showing  its  double  laminate  structure.     1X400. 

5.  Dorsal  chitinous  sclcrite  of  ninth  abdominal   segment   of  larva,  showing 

paired  anchor  setjr  (the  outer  ones)  and  propulsory  set  c.      1X400. 
0.  I-^teral   comb   from   eighth   abdominal    segment   of    larva    with   chitintms 
brace  and  part  of  qua<lri furcate  seta.      1  X40(). 

Plate  HI. 

Fio.   1.  Head  and  thorax  of  larva  in  i)enultimate  stage  showing  great  width  of 
colored,  basal  band  on  head.      IX 00. 

2.  l>orsjil  aspcH't  of  thorax  of  full  grown  larva,  showing  cluptotaxy.      IX (50. 

3.  Ventral  view  of  thorax,  showing  pseudopo<la  and  ch:rtotaxy.      lxr>0. 

533 


534  ILLUSTRATIONS. 

Plate  IV. 

Fig.  1.  lateral  aspect  of  pupa,  showing  chfftotaxy  and  respiratory  siphons. 
1X12. 

2.  Lateral  aspect  of  respirator^'  siphon.     1X25. 

3.  Dorsal  asjwct  of  respiratory  siphon   (1X25),  showing  opening  lined  with 

short,  fine  hairs  which  preclude  entrance  of  water. 

4.  Dorsal  aspect  of  abdomen  of  pupa,  showing  second  to  ninth  segments  and 

pinnurw  or  caudal  flns.     1X12. 

5.  Pinnura  or  caudal  fin,  showing  form  and  position  of  urochaeta.     1X25. 
0.  Perspective  of  abdomen  of  adult  female  mosquito,  showing  ovipositor  and 

chitinous  sclerites  which  compose  the  ninth  segment.     1X60. 

7.  Persi>ective  of  alnlomen  of  adult  male  mosquito,  showing  harpes  and  hairs 

together  with  sclerites  which  compose  the  ninth  segment.     1X60. 

8.  Arrangement  of  supernumerary  and  cross  veins  in  wing  of  male.     ( 1 X 150) : 

I.  Supernumerary.     II.  Mid  cross  vein.     III.  Posterior  cross  vein. 

9.  Arrangement  of  supernumerary'  and  cross  veins  in  female.     1X150. 

Plate  V. 

Fig.   1.  Adult  female  of  Myzomyia  ludloicii  Theob.     1X8. 
2.  Adult  male  of  Myzomyia  ludlowii  Theob.     1X8. 

Plate  VI. 

Fig.  1.  Adult  male  of  Myzomyia  ludlowii  Theob.  Note  position  of  claspers  which 
is  characteristic.  This  photomicrograph,  as  also  the  following,  is  made 
from  a  balsam  preparation  of  a  specimen  treated  with  5  per  cent  potas- 
sium hydroxide. 
2.  Adult  female  of  same.  Note  the  extruded  spermatheca  below  the  ovipos- 
itor. This  organ  lies  normally  within  the  eighth  segment.  The  scu- 
tellum  appears  in  profile  as  a  knob  at  the  base  of  the  right  wing. 

Plate  VII. 

Fig.  1.  Eyes,  antenna*,  palpi,  and  proboscis  of  male  Myzomyia  ludloicni  Theob. 
Note  the  construction  at  the  middle  of  the  second  palpal  segment,  rep- 
resenting ankylosis  of  two  segments. 

2.  The  same  of  the  female,   showing  the  lancet  and  other   punctorial   seta- 

removed  from  the  prol)oscis  or  labium. 

3.  Wing  of  Myzomyia  ludlouii  Theob.,  showing  spots  (female). 

4.  Wing  showing  arrangement  of  cross  veins  in  the  female. 

5.  Three   ultimate   abdominal   segments  of   female   showing  spermatheca  in 

position. 

6.  Eighth  abdominal  segment  showing  circi-like  ovipositor  with  sqiiamation. 

Plate  VI II. 

Fio.   1.  Ungues  of  forefoot  of  male. 
2.  l^ngues  of  forefoot  of  female. 
'A.  Ungues  of  middle  foot  of  male. 

4.  Ungues  of  middle  foot  of  female. 

5.  I'ngues  of  liind-foot  of  male. 
G.   Ungues  of  liind-foot  of  female. 
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Plate  TX. 

Fio.  I.  Genitalia  of  male  of  Myzomyia  ludJowii  Theob. 

2.  Section  of  thorax  of  infected  mosquito,  showing  group  of  aporozoTtes  of 

malaria  at  A.     1X1600. 

3.  S<H?tion  of  thorax  of  mosquito  in  vicinity   of  salivary  glands,   showing 

migratory  siwrozoltes.     1X1600. 

4.  The  lobes  of  salivary  glands  of  mosquito  with  sporozoltos  thickly  congre- 

gated around  the  upper  one  of  them  at  spor.     1  X 1600. 

Plate  X. 

Fio.  1.  Section  of  salivary  duct  of  mosquito,  showing  agglomeration  of  malarial 
parasites   with    meganucleated    cells    in    upper    right.     Best   group    of 
parasites  at  A.     1X1600. 
2.  Section   of  thorax  of  mosipiito,   showing  sporozoTtes   migrating   through 
intermuscular  spaces.     1X1600. 

Plate  XI. 

Clinical  chart  of  J.  C.  B.,  upon  whom  experiments  in  inoculation  with  malarial 
parasites  were  performed. 
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A  PRELIMINARY  REPORT  UPON  THE  SPECIFIC  IDENTITY 

OF   THE   CESTODE   PARASITES   OF   MAN    IN    THE 

PHILIPPINE  ISLANDS  WITH  A  DESCRIPTION 

OF  A  NEW  SPECIES  OF  T/ENIA. 


By  Philip  V..  Garrison/ 
{From   the  Biological  Laboratory,  Bureau  of  Science,  Manila,  I*.  I.) 


INTRODUCTION. 


The  present  paper  embodies  the  results  of  careful  determinative  work 
upon  such  cestode  material  as  has  been  collected  for  the  Helminthological 
Collection  of  the  Philippine  Bureau  of  Science  and  is  intended  as  the 
first  of  three  or  four  papers,  to  appear  as  soon  as  the  specimens  in  other 
groups  can  be  properly  worked  over. 

It  is  my  purpose  to  endeavor  to  present  in  a  systematic  way  some 
definite  knowledge  with  regard  to  the  specific  identity  of  tlie  more 
common  animal  parasites  of  man  in  the  Philippine  Islands.  While  the 
primary  object  of  these  publications  is  to  clear  the  field  for  future  work 
in  the  localities  in  question,  rather  than  to  present  new  helminthological 
findings,  they  naturally  will  include  the  description  of  forms  coming  to 
mv  attention  in  this  preliminarv  work  which  seem  to  justifv  the  establish- 
ment  of  new  species  or  other  systematic  groups. 

Our  present  knowledge  of  Philippine  helminthology  has  been  derived 
from  a  few  determinations  made  by  professional  zoologists  upon  material 
received  from  the  Islands,  from  the  reports  of  infections  in  Americans 
recently  returned  from  a  more  or  less  prolonged  residence  in  the  Philip- 
pines, and  from  the  work  of  resident  medical  scientists.  While  the 
information  supplied  by  these  sources  has  in  many  cases  been  lacking  in 
the  positive  and  precise  identification  of  the  parasites  reported,  it  has 
established  with  reasonable  certainty  the  presence  in  the  Philippines  of 
several  forms  already  known  in  other  parts  of  the  world  and  has  included 
the  description  of  two  new  species  of  human  entozoa,  lx»sides  contributing 
considerable  knowledge  concerning  the  general  ])re valence  of  aninud 
parasites  in  the  Islands. 

A  summary  of  any  results  already  published  will  be  given  in  the  con- 
sideration of  each  genus  and  species  reported. 

^  Assistant  Surgeon.  United  States  Navy ;  detailed  medical  zoologist  to  the 
Bureau  of  Science,  Manila,  P.  1. 
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MATERIAL. 

Tlie  greater  part  of  the  material  forming  the  basis  of  the  present  study 
has  been  collected  from  native  prisoners  in  Bilibid  Prison,  a  large  propor- 
tion of  whom  were  examined  and  treated  in  quarantine  immediately  upon 
their  arrival  from  various  provinces  scattered  throughout  the  Islands. 
Numerous  other  specimens  have  been  received  from  patients  in  the 
private  practice  of  physicians  and  in  the  hospitals  of  Manila. 

The  present  reports  deal  simply  with  the  identification  of  specimens 
collected  and  they  do  not  undertake  to  consider  the  proportion  of  persons 
infected  to  those  examined  ;  therefore  they  can  not  properly  be  taken 
as  an  index  to  the  frequency  of  infection  in  the  population.  However, 
considering  that  from  3,000  to  4,000  persons  gathered  from  widely  scat- 
tered localities  have  been  examined  for  animal  parasites  at  Bilibid 
during  the  current  year,  and  that  specimens  have  been  received  from 
various  classes  and  conditions  of  social  life,  it  would  seem  fairly  probable 
that  our  Helminthological  Collection  at  present  contains  representatives 
of  most  of  the  species  of  the  parasites  of  man  which  are  generally  prevalent 
in  the  Islands,  and  furthermore  that,  with  certain  exceptions  which  will 
be  noted  in  the  text  of  this  and  the  following  papers,  the  collection  may 
l)e  accepted  tentatively  as  a  rough  indication  of  the  relative  prevalence 
of  the  different  species.^ 

GESTODA. 

The  relative  infrequency  of  cestode  infections  compared  to  infection 
with  the  common  nematodes,  and  on  the  other  hand  the  greater  famil- 
iarity with  tapeworms  and  their  relative  innocuousness  compared  with 
trematodes,  are  probably  resj)onsible  for  the  fact  that,  while  valuable 
contributions  have  been  made  to  the  studv  of  the  Nematoda,  Trema- 
toda,  and  the  Protozoa  of  the  Philippines,  the  Cestoda  have  been  almost 
entirely  neglected. 

So  far  as  we  have  been  able  to  discover,  the  following  are  the  only 
published  references  to  cestode  infections  in  the  Philippines: 

Strong,'  1901,  reporting  the  results  of  1,793  stool  examinations  and  386 
necropsies,  states  that  only  two  adult  Titnia  had  been  found,  but  that  both 
T.  saginata  and  T.  solium  are  present  in  the  Islands,  the  former  species  being 
most  frequently  seen  in  American  troops,  the  latter  occasionally  occurring  among 
the  natives. 

In  the  annual  reports  of  the  Superintendent  of  Oovernment  Laboratories  of 
the   Philippine   Bureau   of   Sc'ience   for   the   years    1902   to    1905,   inclusive,*    in 

^  I  wish  to  acknowledge  my  indebtedness  to  Dr.  Edwin  C.  Shattuck,  resident 
physician  of  Bilibid  Prison,  for  numerous  specimens  placed  at  my  disposal  and 
deposited  in  the  Bureau  of  Science  Helminthological  Collection. 

'Circular ft  on  Tropical  Diseases,  Manila   (1901),  1,  15. 

*  4«.  Rep.  of  the  Superintendent  of  Government  Laboratories,  Report  of  the 
Biological  Laboratory,  Manila  (1902),  569;  (1903),  413;  (1904),  443;  (1905), 
357. 
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which  Dr.  Strong,  Director  of  the  Biological  Laboratory,  includes  the  renults  of 
over  6,000  microscopic  examinations  of  faeces,  only  five  cestode  infections  are 
reported,  all  with  the  genus  Tcenia,  species  not  noted.  Hallock,*  at  Fort  Porter, 
Buffalo,  N.  Y.,  reported  two  infections  with  Hymenolepis  nana  in  American 
soldiers  recently  returned  from  the  Philippines.  Stiles  and  Garrison,*  at  the 
Grovemment  Hospital  for  the  Insane,  District  of  Columbia,  found  no  cestode 
infections  in  making  microscopic  examinations  of  the  stools  of  115  American 
soldiers  who  had  returned  from  Philippine  service.  In  1906,  Foster '  reported 
two  infections  with  Hymenolepis  nana  in  American  soldiers  on  duty  near  Manila. 

During  the  past  nine  months  there  have  come  to  our  attention  about 
fifty  intestinal  infections  with  cestodes,  representing  three  genera  and 
five  species. 

TAENIA. 

Of  the  fifty  cestode  infections  about  forty  were  with  worms  of  the 
genus  Tcenia.  Specific  diagnosis  from  the  ova  alone  was  not  attempted. 
Thirty-one  specimens  of  adult  Tcenia  have  been  deposited  in  the  collec- 
tion. 

The  cases  given  in  the  annual  reports  of  the  Superintendent  of  Govern- 
ment Laboratories  and  the  statement  given  by  Strong  in  1901,  above 
noted,  appear  to  be  the  only  mention,  at  least  within  recent  years,  of  the 
presence  of  this  genus  in  the  Philippines. 

Tcenia  saginata  Gceze,  1782.  Twenty-six  of  the  thirty-one  Tcenia 
specimens  are  TcEnin  saginata,  twenty-two  being  from  native  Filipinos; 
fourteen  possess  the  scolex  and  strobila  entire,  while  twelve  were  deter- 
mined from  the  strobila  alone.  Two  other  specimens  which  were  received 
probably  belong  to  this  species,  but  owing  to  poor  preservation  the 
characters  could  not  clearlv  be  made  out  and  the  identitv  is  considered 
doubtful.  One  worm  in  the  recent  state  presented  a  fairly  distinct 
post-suctorial  ridge  around  the  scolex,  resembling  that  described  for 
Tcenia  hominis  Linstow,  1902.  Further  examination  failed  to  reveal 
any  other  characters  described  for  that  species  and  seemed  to  establish 
the  specimen's  identity  with  T.  saginata.  In  all  cases  presenting  any 
peculiarities  which  might  throw  doubt  upon  the  detennination,  the 
specimens  were  studied  in  stained  sections  in  comparison  with  material 
of  known  identity. 

Tcenia  phiHppina  sp.  nov.  The  estal)lishment  of  this  species  is  pro- 
posed upon  a  single  specimen  ol)tained  in  1905  ])y  Mr.  Hare  of  the  Bureau 
of  Science,  from  a  prisoner  in  Hilibid  Prison  and  i)laced  in  the  nmseum 
of  the  Bureau  of  Science  without  determination.  For  specific  diagnosis 
and  description  of  type  spwiinen,  see  ])]).  542-550,  figs.  1-1 T. 

•e/.  Am.  Med.  Ass.    (1904),  42,  891. 

*Iiull.  Hyg.  Lab.,  U.  S.  Pub.  Uvnllh  tt  AInr.-Uosp.  Sen..  Wash.  (190(>),  No.  28, 
50,  51. 

V.  Am.  Med.  Asa.    (190«),  47,  (585,  t)8G. 
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T(vnia  solium  Linnaeus,  1758.  Two  HjKJciniens  of  the  pork  tapeworm 
were  obtained  from  native  prisoners  in  Bilibid.  Although  the  scolex 
was  absent  from  each  specimen,  the  size  of  the  strobike,  the  massive 
uterine  branches,  not  more  than  fifteen  in  number,  the  "third  ovarian 
lobe"  cut  oif  by  the  vagina  and  the  absence  of  extreme  lengthening  of 
the  terminal  segments  seemed  to  render  the  diagnosis  reasonably  certain. 

The  proportion  of  the  number  of  specimens  of  Tcenia  saginata  (26) 
to  the  number  of  sj)ecimens  of  Tcpnia  solium  (2)  here  reported  would 
seem  to  indicate  with  fair  probability  that  the  former  i^  the  much  more 
prevalent  of  the  two  species;  however,  further  work  is  necessary  before 
the  relative  frequency  of  infection  by  these  two  species  can  be  established 
with  even  approximate  accuracy.* 

HTMEN0LEPI8. 

Five  infections  with  this  genus  have  come  to  our  attention,  one  in  a 
native  child  imder  the  professional  care  of  Surgeon  D.  X.  Carpenter, 
United  States  Navy,  at  Cavite,  and  four  in  adult  males  at  Bilibid  Prison, 
one  of  whom  was  Chinese  and  the  others  native.  Parasites  were  recov- 
ered from  two  of  the  latter  cases  after  treatment.  Specific  diagnosis 
of  the  child's  infection  was  made,  it  is  believed,  with  fair  certainty,  from 
the  ova. 

^  Hymenolepis  nana  (Siebold,  1852)  Blanchard,  1891.  One  undamaged 
specimen  of  this  species  was  taken  from  one  of  the  Bilibid  prisoners. 
The  size  of  the  ova  obtained  from  Dr.  Carpenter's  case  (from  40  by 
35  /x  to  57  by  42  /x,  outer  shell)  and  the  absence  of  a  granular  layer 
between  the  outer  and  inner  shells  seemed  fairlv  safe  evidence  that  the 
infection  was  with  H,  nana  rather  than  with  H.  diminuta.  A  careful 
study  of  the  ova  was  not  made  in  two  of  the  infections  with  Uymenole- 
pis  and  worms  could  not  be  secured. 

It  must  be  borne  in  mind  in  forming  a  judgment  from  the  cases  here 
reported  regarding  the  frequency  of  infection  with  the  dwarf  tapeworm 
in  the  Islands,  that  in  other  coun«tries  Ilymenolepis  nana  has  appeared 
to  show  a  marked  tendency  to  infect  children  more  frequently  than 
adults  "  and  that  our  work  has  been  almost  exclusively  with  the  latter. 

"  The  results  of  meat  inspection  in  Manila  by  the  Bureau  of  Agriculture  show 
a  much  liigher  percentage  of  cysticercosis  in  hogs  than  in  cattle  and  I  was  led 
to  expect  a  correspondingly  greater  prevalence  of  the  pork  tapeworm.  However, 
1  have  been  informed  by  Dr.  Moberly,  chief  veterinarian,  that  most  of  the  animals 
slaughtered  in  Manila  are  imported,  nearly  all  of  the  native  hogs  and  cattle 
l>eing  killed  in  the  provinces,  where  meat  inspection  has  not  yet  been  established. 
Tlie  results  of  inspection,  therefore,  are  not  indicative  of  the  relative  prevalence 
of  Ci/sticercus  cellulosae  and  of  C.  boris  in  native  animals. 

Tima.  Francesco:  Pediatria  A'apo/t  (1893),  1,  39;  Ibid.  (1896),  4,  303; 
Kansoni,  BrHvton  H. :  Bull.  Hyg.  Lab..  U.  S.  Pub.  Health  d  Mar.-Hosp.  Sen.. 
Wash.  (1!M)4),  Xo.  18,  01;  Stiles,  Ch.  Wardell,  and  Garrison,  Philip  E.:  Ibid. 
I  11)0(1),  No.  24,  24. 
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Hallock's  two  infections  with  11  ytn  mole  pis  nana  in  American  soldiers 
recently  returned  from  service  in  the  Philippines  and  the  two  cases  of 
American  soldiers  serving  in  the  Philippines  reported  by  Foster  (see 
page  539)  are,  so  far  as  we  are  aware,  the  only  ])iil)lislied  reports  for 
this  species  in  the  Islands.  Through  very  indirect  channels  we  have 
heard  of  one  unpublished  case  found  by  a  medical  officer  of  the  United 
States  Army  in  one  of  the  southern  islands.  Further,  Dr.  W.  E.  Musgrave 
informs  us  that  he  has  noticed  the  ova  several  times  in  making  fcocal 
examinations  of  natives  and  Americans  during  thp  past  few  years. 

Hymenolepis  diminuta  (Rudolphi,  1819)  Blanchard,  1891.  A  stool 
from  a  Chinese  prisoner  at  Bilibid  was  brought  to  us  with  the  diagnosis 
of  Hymenolepis  nana.  However,  the  ova  were  very  large,  and  for- 
tunately all  doubts  regarding  tlie  specific  identity  of  the  parasites  were 
removed  by  finding  in  the  specimen  from  ten  to  twelve  adult  worms, 
from  3  to  6  centimeters  in  length,  with  a  rudimentary,  unarmed  rostellum. 
These,  upon  further  study  of  stained  specimens,  gave  all  the  characters 
of  Hymenolepis  diminuta. 

Unless  cases  have  been  published  too  recently  to  have  come  to  our 
attention  in  Manila,  this  is  the  thirteenth  infection  with  Hymenolepis 
diminuta  reported  for  man.  Unfortunately,  the  prisoner  was  discharged 
the  day  the  specimens  were  passed  and  no  history  was  secured.  There- 
fore, it  must  remain  an  open  question  whether  the  infection  was  im- 
ported or  contracted  in  the  Islands.  There  are  two  other  specimens 
of  this  species  in  the  Bureau  of  Science  Collection  which  were  obtained 
from  rats  in  Manila. 

DIBOTIIBIOCEPHALUS. 

No  infections  in  man  with  parasites  of  this  genus  have  been  found. 
It  is  mentioned  in  this  connection  because  of  the  strong  probability  that 
it  is  present  among  the  natives  and  because  of  the  published  opinion 
of  at  least  one  prominent  helminthologist  ^^  that  it  may  be  found  to 
be  an  important  parasite  in  the  Philippines.  This  expressed  probability 
is  based  upon  the  great  importance  of  fish  in  the  diet  of  the  natives, 
upon  the  proximity  of  Japan,  where  D.  latiu^  has  l)een  found  in  man, 
and  upon  the  further  fact  that  the  presence  in  the  Islands  of  at  least 
one  representative  of  Dihothriocephalns  has  been  established  recently  by 
finding  in  the  intestine  of  a  domestic  cat  a  worm  of  this  genus  which 
closely  resembles,  if  it  is  not  identical  with,  7^.  latiis  in  its  specific 
characters. 

DIPLOGONOPORUS. 

Diplogonoporus  grandis  (Blanchard,  1894)  Luche,  1899,  the  double- 
pored,  Japanese  ta])eworm,  has  also  been  mentioned  as  a  possible  Phil- 
ippine parasite  upon  much  the  -same  grounds  as  Dihothriore phalu^. 
Up  to  the  present  time  it  has  not  been  observed. 

»•  Stiles,  Ch.  Warden  :    Ihid.    (1900),  Xo.   25,  9. 
62668 5 
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SOMATIC   CESTODK   INFECTIONS. 

No  liuman  infections  with  larval  cestodes  have  been  found.  Strong,*^ 
reports  two  human  infections  with  larval  Echinococcus  and  upon  inquiry 
we  have  learned  of  two  or  three  cases  of  cvsticercosis  and  of  at  least  one 
other  of  echinococcus  infection  occurring  in  Manila  within  a  few  years. 
These  verbal  reports  are  all  more  or  less  indefinite  and  no  specimeus 
appear  to  have  been  preserved. 

Two  specimens  of  pork  infected  with  Cysticercus  celluloses  have  been 
received  and  this  parasite  appears  to  be  rather  common  among  the  native 
hogs.  The  collection  of  the  Bureau  of  Science  also  contains  two  speci- 
mens of  adult  Echinococcus  *^  obtained  from  native  dogs. 

Taenia  phllippina  sp.  nov. 

Specific  diagnosis. — Tcenia  (Tceniarhynchus)  :  8trobila  80  to  100  centimeters 
in  length ;  1  centimeter  in  maximum  breadth ;  composed  of  about  800  proglottides. 
Head  cuboid,  1  to  1.5  millimeters  in  diameter:  suckers  0.35  by  0.40  millimeter; 
their  lumena  cylindrical  to  conical,  directed  fon^'ard  and  outward,  0.22  to  0.26 
millimeter  deep  by  0.19  to  0.21  millimeter  broad  at  their  bases.  Neck  segmented, 
its  minimum  transverse  diameter,  0.70  millimeter,  at  about  the  75th  segment  and 
about  3  millimeters  from  posterior  border  of  head.  Sexual  maturity  first  prenent 
at  from  15  to  18  centimeters  from  anterior  extremity  and  in  about  the  470th 
segment.  Sexually  mature  proglottides  4  to  5  millimeters  transversely  by  0.8 
to  1  millimeter  longitudinally  by  from  1  to  1.3  millimeters  dorso-ventrally ; 
genital  pore  very  slightly  posterior  to  middle  of  lateral  margin ;  cloaca  0.32  milli- 
meter deep;  cirrus  distinct,  0.1  millimeter  long  by  0.03  millimeter  broad;  cirrus 
pouch  0.38  millimeter  long  by  0.10  millimeter  broad;  vas  deferens  forms  loop 
within  cirrus  pouch,  is  without  veaicula  seminalis,  and  ends  in  a  dilated 
extremity  before  reaching  median  line;  testicles  0.13  to  0.16  millimeter  long  by 
0.06  to  0.08  millimeter  in  their  transverse  diameters;  vagina  without  sets  and 
forms  two  spiral  coils  between  cloaca  and  excretory  canal;  vitellogen  gland 
greatly  elongated  transversely,  lies  close  against  transverse  canal,  filling  posterior 
one-tenth  of  medullary  space  in  median  line,  its  extremities  attenuated  and  ex- 
tending laterally  two-thirds  the  distance  from  median  line  to  excretory  canals; 
ovaries  composed  of  two  unequal,  transversely  elongated  lobes  which  lie  close 
against  the  vitellogen  gland  posteriorly  and  extend  laterally  through  three-fourths 
the  distance  from  median  line  to  excretory  canals;  the  smaller  lobe,  proximal 
to  pore  of  segment,  is  bounded  internally  by  ihe  median  line  and  anteriorly  by 
the  vagina;  the  larger,  distal  lobe  extends  anteriorly  to  transverse  plane  passed 
through  genital  pore,  its  anterior  third  projecting  across  the  median  line, 
overlapping  anteriorly  the  median  extremity  of  the  opposite  lobe  and  filling  the 
space  between  the  two  limbs  of  the  posterior  V-shaped  portion  of  the  uterus; 
the  uterine  stem  presents  a  V-shaped  course  in  the  posterior  half  of  the 
segment  with  its  apex  to  the  pore  side  of  segment,  its  posterior  extremity  lying 

^Circulars  on  Tropical  Diseases   (1901),   1,  22. 

*-  Echinococcus  granulosus  (Batsch,  1786)  Rudolphi,  1805  =  Twnia  echinococcus 
Siebold,  1853.  (See  Stiles,  Ch.  Wardell,  Bull  Hyg,  Lab.,  U.  8.  Pub,  Health  d 
Mar.'Hosp.  Serv.,  Wash.   (1906),  No.  25,  76  et  seq. 
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in  the  median  line  between  the  ovarian  lobes,  its  anterior  limb  turning  directly 
cephalad  in  the  median  line  at  about  the  center  of  the  segment  and  presenting, 
in  the  anterior  half  of  the  segment,  a  spiral  formation  consisting  of  from  four  to 
six  distinct,  closely  wound  coils.  In  the  gravid  segment,  the  uterus  presents  an 
exceedingly  compact  formation  consisting  of  a  median  stem  and  numerous  long, 
slender,  dichotomous  branches,  separated  by  thin  partitions  and  frequently 
overlapping  one  another  dorso-ventrally.  Terminal  segments  equilateral  or 
slightly  longer  than  broad,  measuring  from  6  to  8  millimeters  in  longitudinal 
and  transverse  diameters  and  3  millimeters  dorso-ventrally.  Embryophore  oval, 
35  to  41  fi  long  by  26  to  35  fi  broad. 

Cysticebcus  unknown. 

Type  host. — Homo  sapiens. 

Typk  locality. — Manila,  P.  I. 

Type  specimen. — No.  140,  Helmintliological  Collection,  Bureau  of  Science, 
Manila,  P.  I. 

DESCRIPTION   OF   TYPE    SPECIMEN. 

Length  82.8  centimeters:  transverse  and  dorso-ventral  diameters  respectively; 
of  head,  1.5  millimeters  by  0.75  millimeter;  of  neck,  0.72  by  0.24  millimeter; 
of  mature  proglottides,  10  by  1.3  millimeters;  of  terminal  proglottides,  6  to  8 
by  3  millimeters.  Indentations  of  lateral  margins  suggesting  segmentation  are 
present  close  behind  suckers;  distinct  segmentation  appears  1  millimeter  behind 
suckers;  greatest  constriction  of  neck,  3.5  millimeters  behind  suckers.  (Figs. 
2  to  4.)  Transverse  diameters  of  segments  greater  than  longitudinal  diameters 
except  in  terminal  proglottides  which  are  equilateral  or  slightly  longer  than  broad. 
(Figs.  1,  18.)  Genital  pores  prominent,  and  slightly  behind  middle  of  lateral 
margins  of  segments.  (Figs.  1,  16  to  18.)  Surfaces  and  margins  of  segments 
extend  posteriorly  in  an  elongated,  cuff-like  projection  overlapping  the  succeeding 
segment  and  are  indented  by  transverse  infoldings  of  the  cuticle,  which  appear  to 
be  formed  in  part^  and  perhaps  wholly,  by  longitudinal  contraction  of  the 
specimen.      (Figs.  1,  5  to  7.)      Calcareous  corpuscles  absent. 

Head. — Transverse  diameter,  1.5  millimeters;  dorso-ventral  diameter  0.75 
millimeter,  the  lesser,  dorso-ventral  diameter  appearing  to  be  due  to  flattening 
by  cover-glass  pressure.  Other  dimensions  as  follows:  From  tip  of  head  to 
plane  passed  through  anterior  borders  of  suckers,  0.16  millimeter,  to  posterior 
border  of  suckers,  0.64  millimeter;  approximate  longitudinal  diameter  of  head, 
1  millimeter.  Rostellum  (fig.  3)  without  hooks  and  retracted  completely  within 
head,  its  musculature  globular,  0.16  millimeter  in  longitudinal  by  0.112  millimeter 
in  transverse  diameter;  slight  depression  at  tip  marks  opening  of  lumen  of  minute 
apical  sucker.  Suckers  (figs.  2  and  3)  well  embedded  in  musculature  of  head 
at  its  dorso-  and  vent ro- lateral  borders  with  the  longitudinal  axis  of  their  lumena 
directed  forward  and  outward;  transverse  diameter,  0.34  to  0.37  millimeter; 
longitudinal  diameter,  0.37  to  0.4  millimeter;  lumena  cylindrical  to  conical, 
0.224  to  0.260  millimeter  deep  by  0.19  to  0.21  millimeter  broad  at  their  bases. 

Nervous  system. — Situated  0.8  millimeter  from  anterior  extremity  of  the  head 
and  0.15  millimeter  behind  plane  passed  through  posterior  border  of  suckers,  a 
large  cavity  (0.25  by  0.20  millimeter)  incloses  what  a]>pears  to  be  a  contracted, 
globular  nerve  ganglion  (0.16  by  0.11  millimeter).  (Fig.  3.)  The  nerve  trunks 
proceed  posteriorly  in  a  straight  course,  at  first  dorso- lateral  and  later  directly 
lateral  of  ventral  excretory  canals;  concomitant  dorsal  and  ventral  fasciculi  not 
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apparent;  lateral  nerve  trunks  rather  crescentic  on  cross  section  and  measure 
0.025  millimeter  transversely  by  0.150  dorse- vent  rally  in  mature  segments." 

Excretory  system. — The  ventral  excretory  canals  pass  in  a  straight  course  from 
the  head  through  the  lateral  borders  of  the  strobila,  at  first  ventrad  to  and  later 
directly  in  the  median  saggital  plane.  They  attain  their  maximum  diameter  in 
the  first  gravid  proglottides  (0.35  to  0.40  millimeter  in  median  transverse  plane) 
and  present  a  wide  dilation  (0.45  to  0.65  millimeter  longitudinally  by  0.80  to  0.90 
millimeter  transversely  and  dorso-ventrally)  at  each  segmental  junction.  (Figs. 
7,  8,  16,  17.)  The  transverse  canals  decrease  in  size  as  they  pass  inward  from 
the  dilated  portions  of  the  ventral  canals,  are  oval  or  diamond  shaped  on  cross 
section  (figs.  5,  10)  and  are  situated  at  the  extreme  posterior  borders  of  the 
proximal  segments,  it  being  im(K>ssible  in  either  young,  mature,  or  gravid  pro- 
glottides, to  detect  any  extension  of  the  proximal  segment  posterior  to  the  canal. 
(Figs.  5,  8,  13,  17.) 

The  dorsal  excretory  canals  can  be  traced  as  loosely  wound,  spiral  tubules, 
18  to  20  ill  in  diameter,  as  far  as  the  first  sexually  mature  proglottides.  The  coiU 
of  the  spiral  extend  through  a  space  of  from  0.15  to  0.25  millimeter  transversely 
and  dorso-ventrally  and  number  five  to  six  complete  turns  in  each  segment. 
(Figs.  5,  7.) 

Genital  organs. — The  primordium  of  the  vas  deferens  and  vagina  appears  in 
about  the  150th  segment,  which  measures  0.72  millimeter  transversely-  by  0.24 
millimeter  longitudinally,  and  is  situated  12  millimeters  from  anterior  extremity. 
At  about  the  300th  segment  (1.75  millimeter  by  0.45  millimeter,  2  centimeters 
from  anterior  extremity)  the  uterine  stem  is  present  as  a  distinct  tract  beginning 
posteriorly  in  the  bulbous  mass  at  the  median  extremity  of  the  vagina,  and 
passing  diagonally  anterolateral ly  toward  the  pore  side  of  the  segment  until  it 
reaches  the  angle  between  the  vagina  and  vas  deferens,  which  are  now  separated 
throughout  the  inner  half  of  their  course;  thence  turning  at  an  acute  angle,  it 
takes  an  antero-median  course  to  the  median  line,  and  along  the  median  line  to 
the  anterior  border  of  the  segment.  (Figs.  6,  7.)  In  the  400th  segment  (3 
millimeters  by  0.64  millimeter,  6  centimeters  from  anterior  extremity)  the  female 
organs  have  became  differentiated  into  the  ovarian  lobes  and  vitellogen  gland, 
the  testicles  are  appearing  in  lateral  fields  of  medullary  layer,  the  cloaca  is 
forming  at  the  lateral  margin,  the  V-shaped  course  of  the  uterine  stem  in  the 
posterior  half  of  the  segment  is  more  sharply  defined  and  its  anterior  prolonga- 
tion in  the  median  line  is  coiled  in  one  or  two  loose  spiral  turns.  The  475th 
proglottid  is  sexually  mature.      (Figs.  8,  10.) 

Sexually  mature  proglottid. — Measurements:  5  millimeters  transversely  by  1 
millimeter  longitudinally  by  1.35  millimeters  dorso-ventrally,  situated  15.5  cen- 
timeters from  anterior  extremity  of  specimen.  Genital  pore  slightly  posterior  to 
middle  of  lateral  margin  (fig.  8)  ;  cloaca  0.32  millimeter  deep  (figs.  8,  12,  15); 
cirrus  0.1  millimeter  long  by  0.03  millimeter  broad  (fig.  15)  ;  cirrus  pouch  0.35 
millimeter  long  by  0.1   millimeter  broad    (fig.  15)  ;   vas  deferens  makes  distinct 

''  111  the  absence  of  specific  staining  for  the  nerve  tissues,  the  nature  of  the 
globular  structure  in  the  posterior  part  of  the  head  can  not  definitely  be  deter- 
mined. The  interpretation  here  made  is  based  upon  the  marked  similarity  in 
appearance  and  structure  in  cross  section  between  the  lateral  nerve  trunks  and 
the  body  in  question  when  stained  with  carmine,  upon  the  faint  tracings  of  what 
appear  to  be  nerve  trunks  arising  from  it,  upon  its  position,  and  upon  the 
-elimination  of  other  jwssible  interpretations.  The  presence  of  a  large,  globular, 
well-defined  ganglion  as  the  center  of  the  nervous  system  instead  of  the  usual 
(.•omniissurul  arrangement  of  fibers  would  be  an  important  character,  but  in  view 
of  the  uncertainty  of  interpretation,^  it  is  not  included  in  the  diagnosis. 
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loop  within  cirrus  pouch  (fig.  !;">),  is  extremely  convoluted  after  passing  ventral 
canal,  and  ends  shortly  before  reaching  median  line  in  distinct  dilation  (0.075 
millimeter  broad)  which  receives  numerous  vasa  efferentia;  testicles  (figs.  8,  9,  13) 
measure  0.13  to  0.16  millimeter  in  length  ( dorso-ventral  diameter  of  segment) 
by  0.06  to  0.08  millimeter  in  their  transverse  diameters. 

Vagina  makes  two  spiral  coils  before  reaching  excretory  canal  (figs.  11,  12) 
and  after  passing  dorsad  of  the  canal  turns  sharply  ventrad,  sweeps  posteriorly, 
and  near  the  median  line  it  dilates  to  about  twice  its  former  diameter  to  form  a 
muscular  receptaculum  seminis  (0.040  millimeter  in  diameter)  which  abruptly 
enters  a  large  globular  chamber  (0.16  millimeter  in  diameter)  situated  ventrally 
in  the  median  line  between  the  median  extremities  of  the  ovaries  and  the  vitellogen 
gland  and  containing  immature  ova.  (Figs.  7,  8,  13,  14.)  From  the  posterior 
border  of  the  chamber  a  tubule,  0.05  millimeter  in  diameter,  passes  dorsally  in 
a  convoluted  course,  taking  up  the  vitellogen  and  shell  gland  ducts,  and  empties 
in  the  dilated  posterior  extremity  of  the  uterus. 

The  vitellogen  gland  (figs.  8,  10,  13)  lies  along  the  extreme  posterior  border, 
close  against  the  transverse  canal,  extending  laterally  two-thirds  the  distance 
from  the  median  line  to  the  ventral  canals  (1.2  millimeters).  On  longitudinal 
section  in  the  median  line  it  measures  0.3  millimeter  dorso- ventrally  by  0.01 
millimeter  longitudinally,  filling  the  posterior  one-tenth  of  the  medullary  space. 
Its  lateral  extremities  are  attenuated  and  lie  entirelv  ventrad  to  the  median 
saggital  plane. 

The  ovary  (figs.  8,  10,  13)  is  composed  of  two  unequal,  transversely  elongated 
lobes  with  their  posterior  and  ventral  surfaces  lying  close  against  the  vitellogen 
gland  and  the  ventral  boundary  of  the  medullary  layer  respectively.  Each  lobe 
extends  laterally  three-fourths  the  distance  from  the  median  line  to  the  ventral 
canals  and  is  thickest  in  the  posterior  half  of  its  median  third  where  it  com- 
pletely fills  the  medullary  space  dorso-ventrally.  The  dorsal  surfaces  of  the 
lobes  are  convex,  approaching  the  ventral  l)oundary  of  the  medullary  space  at 
their  median,  anterior,  and  lateral  margins. 

The  lesser  lobe,  proximal  to  the  pore  side  of  segment,  is  bounded  anteriorly  by 
the  course  of  the  vagina,  except  in  its  median  third  where,  as  it  approaches  the 
median  line,  a  few  filaments  may  pass  ventrad  to  the  vagina  and  reach  a  more 
anterior  position. 

The  greater  lobe,  distad  to  the  pore,  extends  anteriorly  to  or  slightly  beyond 
a  transverse  plane  passed  through  genital  pore;  its  anterior  third  is  extended 
across  the  median  line,  slightly  overlapping  anteriorly  the  inner  extremity  of 
the  opposite  lobe. 

The  uterus  (figs.  8  to  10)  begins  posteriorly  as  a  pyriform  dilation,  0.45 
millimeter  in  diameter,  situated  obliquely  between,  but  slightly  dorsad  to,  the 
median  borders  of  the  ovarian  lobes;  diminishing  in  size  the  uterine  stem 
passes  obliquely  antero-latcrally  toward  the  pore  side  of  the  segment  until  it 
reaches  a  point  posterior  to  the  median  extremity  of  the  vas  deferens,  when  it 
turns  inwardly  at  a  sharp  angle  to  its  former  <*ourse  and,  passing  around  the 
extended  extremity  of  the  greater  ovarian  lobe,  continues  obliquely  forward  and 
inward  to  the  median  line,  which  it  reaches  at  about  the  center  of  the  longitudinal 
axis  of  the  segment;  it  then  turns  anteriorly  and,  in  a  spiral  course. of  from 
four  to  six  closely  wound  turns,  reaches  the  anterior  segmental  border.  In  the 
•  spiral  anterior  limb  the  diameter  of  the  uterine  tube  is  al)out  0.035  millimeter, 
while  the  spiral  fills  a  space  of  from  0.080  to  0.130  millimeter,  the  spiral  coils 
l>ecoming  wider  as  they  a])i>roach  the  anterior  border  of  the  segment. 

Further  development  of  the  uterus  (figs.  13,  16  to  18).  -In  the  500th  segment 
(fig.  13)  the  dilated  posterior  extremity  of  the  uterine  tube  has  enlarged  to  a 
chamber   measuring   0.32    millimeter    dorso-ventrally   and   antero-posteriorly,   by 
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0.8  millimeter  transversely,  which  nearly  fills  the  posterior  portion  of  the 
medullary  space  in  the  median  one-sixth  of  the  segment.  This  joins  a  second 
dilation  of  about  equal  dimensions  situated  at  the  apex  of  the  V-shaped  portion 
of  the  uterine  tube.  In  the  anterior  half  of  the  segment  the  original  four 
to  six  spiral  turns  are  still  distinct.  The  dilated,  outer  walls  of  the  coils  fill  the 
dor  so- ventral  diameter  of  the  medullary  space,  extend  0.4  millimeter  on  each 
side  the  median  line,  and  project  prominently  forward  into  the  transverse 
excretory  canal.  A  number  of  shallow  diverticula  have  grown  out  from  the 
lateral  walls  of  both  the  two  posterior  cavities  and  of  the  anterior  spiral. 

In  segments  550  to  560  (fig.  16)  from  five  to  seven  diverticula  or  branches 
have  grown  out  from  the  lateral  walls  of  the  two  posterior  uterine  dilations, 
extending  laterally  1.17  millimeters  or  four-fifths  the  distance  from  the  median 
line  to  the  ventral  canals.  In  the  anterior  half  of  the  segments  the  original  four 
to  six  coils  of  the  spiral  formation  are  distinguishable,  and  extend  laterally 
1.30  millimeters  from  the  median  line,  or  about  two-thirds  the  distance  to  the 
lateral  canals.  The' anterior  extremity  of  the  spiral  hlus.^xpanded  lateral{j^  into' 
a  cavity  which  encroaches  upon  the  lumen  of  the  transverse  canal.  As  they  extend 
toward  the  lateral  borders,  the  anterior  coils  and  the  posterior  diverticula 
apparently  by  reason  of  mutual  pressure  and  unequal  growth,  have  more  or 
less  lost  the  regularity,  of  their  earlier  structure,  some  pressing  toward  the 
dorsal  and  others  toward  the  ventral  surface  and  some  are  inclosed  at  their  lateral 
extremities  by  two  adjacent  and  more  laterallj'  extended  outgrowths.  As  a 
result  of  this  irregular  development,  saggital  and  longitudinal  sections  in  different 
planes  present  widely  differing  pictures,  resembling  in  some  cases  the  uterine 
branches  extending  laterally  from  a  median  stem  as  in  other  species  of  Tcptiia  and 
in  others  giving  the  appearance  of  the  egg-sack  formation  found  in  other 
genera. 

As  a  whole,  the  structure  is  remarkably  compact,  the  ovic  chambers  being 
closely  pressed  together  and  the  partitions  between  them  extremely  thin. 

In  the  terminal  proglottides  (figs.  17,  18)  the  uterus  fills  the  entire  medullary 
space,  encroaches  upon  the  transverse  and  longitudinal  canals,  and  short  diver- 
ticula even  press  outward  the  muscular  tissue  of  the  cortex.  A  few  of  the 
outgrowths  reach  the  lateral  canals  without  division  and  in  the  same  plane. 
Usually,  their  lateral  extremities  divide  into  two  or  three  secondary  branches, 
which  may  again  divide,  the  divisions  taking  place  in  any  plane,  but  usually 
antero-posteriorly.  In  a  median  saggital  section  it  is  sometimes  possible  to  follow 
a  single  branch  from  the  median  line,  or  even  slightly  across  it,  to  the  lateral 
canal,  but  in  most  cases  it  passes  dorsad  or  ventrad  and  its  further  lateral  course 
can  be  followed  only  in  sections  in  other  planes.  Occasionally,  a  branch  ends 
considerably  short  of  the  lateral  canals,  other  branches  closing  in  around  its 
lateral  extremity. 

Ova. — An  outer  shell  could  not  be  distinguished  in  either  young  or  matured 
ova.  The  embryophore  is  oval,  with  a  thick,  radially  striated  shell.  Measurement 
of  fifty  embryophores  gave  the  following  results  in  microns: 
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DISCUSSION. 


The  type  specimen,  althoiigli  preserved  for  about  two  years  in  for- 
malin, was  in  good  condition,  except  that  it  was  considerably,  although 
apparently  uniformly,  contracted.  In  the  description  of  the  specimen, 
actual  measurements  are  given,  but  in  stating  dimensions  in  the  specific 
diagnosis  I  have  endeavored  to  make  a  safe  allowance  for  this  contracted 
condition  of  the  specimen  and  for  individual  differences  which  other 
specimens  may  present.  While  the  examination  of  further  material  may 
lead  to  changes  in  the  diagnosis  of  the  species,  either  by  the  elimination 
of  some  characters  now  included  or  by  the  addition  of  new  ones,  it  is 
believed  that  the  principal  morphological  features  described,  namely,  the 
transversely  elongated  ovarian  lobes  and  vitellogen  gland,  the  V  and 
spiral  formation  of  the  uterine  stem,  the  compact  structure  of  the 
gravid  uteiiis,  the  loop  of  the  vas  deferens,  the  length  of  the  strobikt; 
and  the  relative  length  and  breadth  of  the  individual  segments,  form  a 
combination  of  characters  which  could  neither  be  accounted  for  by 
peculiarities  in  the  living  individual  nor  by  its  post-mortem  distortion. 

We  have,  upon  the  presence  of  the  rudimentary  unarmed  rostellum, 
placed  the  species  tentatively  in  the  subgenus  Tcenmrhynchus  Wein- 
land,  1853,  pending  the  examination  of  the  material  by  a  systematic 
zoologist. 


ILLUSTRATIONS. 


[Fig.  1  is  from  unstained  material.  All  other  material  was  stained  with  acid  carmine, 
picric  acid  being  used  in  Kome  cases  for  counterHtaining.  Sections  vary  from  25  to 
250  M  in  thiclcness.  The  magnification  was  governed  with  the  view  of  bringing  out 
as  well  as  possible  the  desired  structures,  rather  than  by  the  consideration  of 
uniformity.] 

Plate  I. 

Fio.    1.  Portion  of  strobila.     Natural  size. 

2.  Section  of  head  through  two  suckers  and  border  of  neural  cavity.     1X75. 

3.  Section  of  head  in  dilTerent  plane,  showing  (  ?)  neural  cavity  and  ganglion. 

retracted  rostellum  and  traces  of  excretory  canals.     1X75. 

4.  lx)ngitudinal  section  through  neck,  showing  beginning  of  segmentation. 

1X30. 

Plate  II. 

Fig.    5.  longitudinal  sections  of  segments  372,  373  just  internal  to  ventral  excre- 
tory canal,  showing  spiral  course  of  dorsal  canal.     1X80. 

6.  Segments  375  to  397,  showing  the  early  appearance  of  the  uterus  and 

genital  pore.     IX 10. 

7.  Saggital  sections  of  segments  398  to  403,  showing  in  different  planes  the 

early  appearance  of  genital  organs.     1X12. 

Plate  III. 

FiQ.    8.  Saggital  sections  of  segments  451   to  455,  showing  sexual  organs  about 
mature.     1X12. 
9.  The  same,  highly  magnified  to  show  the  form  of  uterus  in  a  single  segment. 
1X98. 

10.  Transverse  section  of  segment,  showing  the  coils  of  vagina  between  cloaca 

and  ventral  canal.     1X80. 

11.  Saggital  section  of  a  younger  segment  showing  the  same.     1X82. 

12.  Transverse  section  of  segment  showing  genital  pore,  cirrus,  and  loop  of 

vas  deferens  in  cirrus  pouch.     1X90. 

Plate  IV. 

Fio.  13.  Saggital  sections  of  segments  493  to  495  in  slightly  different  planes, 
showing  posterior  dilations  of  the  uterus  and  its  anterior  coils  which 
have  nearly  reached  their  maximum  expansion  before  dividing.  The 
heavily  stained  vitellogen  gland  extending  along  the  transverse  canal, 
and  the  more  lightly  stained  ovarian  lobes  lying  closely  anterior  to 
it  are  at  their  greatest  development.  1X20. 
14.  Saggital  section  of  segment,  in  a  ventral  plane,  highly  magnified  to  show 
inner  length  of  vagina  as  it  enters  globular  chamber  from  which 
the  ovospermatic  duct  proceeds  {>ost4>rior1y  toward  the  vitellogen  gland 
and  turns  dorsal ly  toward  the  shell  gland  which  lies  in  a  deeper  plane. 
1X40. 
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15.  Longitudinal  median  section  of  segment  475,  Bhowing  below,  the  Titellogen 
gland  resting  on  the  trangver^e  canal;  above  and  to  the  left  the  shell 
gland,  above  A'hieh  the  posterior  extremity  of  uterus  is  faintly  visible; 
more  anteriorly  the  inner  extremity  of  the  greater  ovarian  lobe  appears 
as  it  croHseK  the  median  line;  above  it  are  seen  the  well-expanded  coils 
of  the  uterus.     1X«0. 

Plate  V. 

Fig.  10.  Saggital  section  of  segments  555  to  556,  showing  further  development  of 
the  uteruH:  numerous  diverticula  have  spread  laterally,  in  different 
planes  from  the  outer  walls  of  the  uterine  dilations  and  spiral  coils. 
1X10. 

17.  Saggital  sections  of  segments  647  to  648  showing  the  irregular,  compact 

structure  of  the  uterus  in  gravid  segments.     1X12. 

18.  Segment  slightly  compressed,  showing  gravid  uterus.     IX 10. 
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NOTES  ON  CHRONIC  ULCERS  OCCURRING  IN  THE 

PHILIPPINES. 


By  Geobqe  Cheyne  Shattuck. 
{From  the  Biological  Laboratory ^  Bureau  of  Science,  ManiUiy  P.  I.) 


On  the  occasion  of  a  recent  visit  to  Manila  opportunity  was  afforded 
me  to  work  in  the  biological  laboratory  of  the  Bureau  of  Science  and 
I  became  interested  in  attempting  to  determine  whether  or  not  Oriental 
sore  occurs  in  Manila  and  in  investigating  the  etiology  of  tropical 
ulcerations  in  general,  as  the  question  of  etiology  at  present  is  in  a 
state  of  much  confusion. 

This  paper,  embody injs:  the  results  of  my  investigations,  is  based  on 
clinical  notes  and  microscopic  findings  in  thirty-four  cases  of  chronic 
ulcerative  processes.  With  the  exception  of  one  Chinaman,  all  the 
patients  were  Filipinos.  Fifteen  of  them  lived  in  or  near  Manila,^ 
and  nineteen  in  the  neighborhood  of  Catbalogan,  on  the  Island  of  Samar. 
The  Catbalogan  cases  were  found  among  a  number  of  natives  suspected 
of  leprosy  who  were  being  inspected  by  Dr.  Heiser,  Director  of  the 
Bureau  of  Health.  Thev  were  held  under  observation  for  one  week, 
and  the  ulcers  examined  repeatedly.  Leprosy  was  not  present  in  any 
of  the  patients  of  this  series.  In  the  Manila  cases,  smears  were  taken 
from  the  exudate  on  the  surface  of  the  ulcer  and  from  the  deeper 
tissues  expased  by  the  curette.  A  piece  of  tissue  ^  was  removed  and 
sectioned  in  four  of  these  cases.  In  all  the  Catbalogan  cases  smears 
were  taken  from  the  exudate  on  the  ulcer  and  from  blood  or  serum 
expressed  from  a  needle  puncture  close  to  the  lesion.  Giem8a^s(9) 
new  stain  was  used  on  the  smears  and  a  variety  of  stains  were  employed 
for  the  sections. 


Table  I. — Catbalogan  a 
[r.- right:  1.  -left.] 

iMfit. 

Location  of  ulcers  and  scars. 

Other  IcRlons. 

No. 
1 

Leg8. 

Feet. 
Scar,  r 

Arms. 

Hands  and 
shoulders. 

other  places. 

Scar,  r_ 

Hypertrophic    peri- 
<)Htiti8,tibla,r.  ;con- 
tracture  of  toes,  r. 

*  Twelve  cases  are  from  Dr.  Saleel)y'8  clinic  at  St.  l^uke's  Dispensary,  two  from 
the  service  of  Dr.  Dudley  at  St.  Paul's  Hospital  and  one  from  that  of  Dr.  PMwin 
C.  Shattuck  at  the  hos])ital  of  Bilihid  Prison. 

*  Tissue  was  first  put  in  alcohol  and  Huhse<iuently  treated  with  at^etone  and 
embedded  in  paraffm.     Thickness  of  s<H"tions  4  /*. 
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Table  I. — OitMoyan  raseif — Continued. 

fr.- right;  l.-lcft] 


Location  of  ulcera  and  scare. 


No. 


Legs. 


Scare,  r.  and 
1.;  ulcer,  r. 

Scar,  ankle  ... 

Ulcere,  r.  and 

1. 

Scare,  r.  and 
1.:  ulcer,  I. 


•6 
7 


8 

9 
10 

11 

12 
13 

H 

15 

16 

17 

18 


Scare,  r.  and 

1.;  ulcere,  r. 

and  1. 
Scare,  r.  and 

1.;     ulcere, 

ankles. 
Scare,  r.  and 

1.;  ulcere,  r. 

and  1. 


Feet. 


Scar.  1 


Ulcere,  1 


LHcere,  r. 
and  1. 


Scare,    r. 
and  1. 


19 


Scare,  ankle 
1.:  ulcere, 
ankle,  1. 

Scare,  r.  and  1. 

Scare,  r.  and 
1.;  ulcere,  r. 

Scare,  r.  and 
1.;  ulcere  r. 
and  1. 

Scare  and 
ulcera.  1.: 
scare  knecK. 

Scare  and  ul- 
cere, ankle 
r.;  scare,  1. 

Scare  and  ul- 
cere, 1. 

Scare  and  ul- 
cer, r. 


.do 


Scare,  r. 
and  1.; 
ulcer,  r. 


Scare,     r. 
and  1. 


Scare,  r 


Arms. 


Scare,  wriste- 


Scare,  r.  and 
1. 

Scar,  1 


Scare,  elbows. 

Scare,  r.  and 
1.;  ulcere, 
elbow,  1. 

Scar,  1 


Hands  and 
shouldere. 


Scare,  shoul- 
der; ulcer 
hand,  r. 


Scare,  shoul- 
dere and 
hands. 


Other  places. 


Other  lesions. 


Soft  palate 
and  uvu- 
la gone. 


Amputation  of  .sec- 
ond finger,  r. 


Two  toes  amputated, 
r.;  contractures, 
knees,  and  foot,  1. 

Finger  amputated  r. 


Scar,  nose  „ 


I 

I  • 
Scare,  elbow  _;  Scare,  shoul- 

'    dere. 


Scare,  r.  and 
1.:  ulcer, 
wrist,  1. 

Scare,  elbow  _ 


Scare,  1.;  ul- 
cere,  1. 


.do 


i  Scare,  fore- 
heed. 

.._-do 

...-do 


do ' <io  -_. 


Scare,  shoul- 
der, 1. 


Scare,  cheek 


Two    toes   amputa- 
ted, r. 

Contracture  legs. 


Bones  of  forearm 
half  destroyed:  1. 
epitrochlea. 

Bone  destruction, 
forehead. 

Do. 


Do. 


Scare  and 
ulcere,  r. 


Contracture,  foot,l. 

Hypertrophic  peri- 
ostitis, tibia  1.; 
hand  swollen  and 

« 

deformed. 
Hypertrophic    peri- 
r^titis,  tibia  1. 


•  No.  r»  was  not  tfthnlatod. 
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Table  II. — Lfjcatwn  and  charncUr  of  U/wns  in  Manila  canen. 

[r.-  rlRht;  l.-left.] 


Other  pla(*e8. 


MiHcelluneous. 


«6586-8-P 
•14612 


Scare,  r.  and  I.:  ulcer.  1. 


Hcer,    perineum,     groin,     General    glAndular    en- 
peniii.  largcment. 


Ulcer,  buttock,  1. 


•14584  !  Scare,  r.  and  1.:  ulcer,  r luminal  glands. 


^1495 

•14125 

•11778 

^•14418 

•14518 
•18842 

•12846 
•14560 
•18647  _ 
•14581  • 


do —  Scare,  vulva 

— _ Scare,  foot  and  arm,  r ]  j 

Scare,  r.  and  1.;  ulcer,  1 Ulcer,  palate ,  Hypertrophic  periostitis,    ' 

Scare,  r.  and  1.:  ulcere,  r _ '      tibia,  r. 

and  1. 


Scan,  r.  and  1.;  ulcere,  r.  | 
and  I. 


Uh'er,  ankle. 
Ulcer,  1 


Scare  and  ulcer,  foot,  1 


ricer,  sole  of  foot 


I 


Scare  and  ulcere,  foot,  1 '; 


•St.  Luke's  HoKpital  number.       >>St.  Paul'M  Hospital  number.       «Bilibid  Hospital  number. 

Strong(l)  described  three  very  different  types  of  ulcer  found  in 
Manila,  exclusive  of  tliose  due  to  tuberculosis,  leprosy  or  syphilis.  His 
first  two  cases  can  best  be  discussed  in  relation  to  the  first  and  second 
cases  described  below.  His  third  variety,  observed  in  wliites  only,  was 
not  found  in  this  series.     The  report  of  cases  follows. 

FIRST   TYPE   OF    ULCEILVTION. 

Case  I. — Native,*  age  30,  a  laborer.  Neither  the  patient  nor  hia  family  have 
previously  had  any  similar  disease.  Patient  stated  that  four  years  ago,  without 
assignable  cause,  a  small  hoil  appeared  on  his  foot,  that  it  burst  siMmtaneously 
and  did  not  heal.  When  he  began  coming  to  the  dispensary,  a  month  l)efore  I 
saw  him,  a  diagnosis  of  phthisis  was  made.  The  patient  denied  that  anything  had 
ever  been  done  except  to  apply  dressings  but  when  Dr.  Saleeby  went  on  service 
about  that  time  he  removed  a  stitch  which  was  in  the  base  of  the  ulcer.  The 
patient  was  fairly  well  nourished,  had  no  scars  suggesting  syphilis,  and  only  the 
one  external  lesion.  This  was  situated  just  below  the  external  malleolus  on  the 
right  foot  where  there  was  an  ovoid  swelling  2.5  X  2.5  X  0.75  centimeters  in  size, 
with  a  gash  across  it  that  went  down  nearly  to  the  periosteum.  The  walls  of  the 
gash  were  somewhat  ragged  and  the  lower  side  was  undermined.  A  little,  yellow- 
ish slough  was  adherent  to  the  base  and  sides.  There  was  scarcely  any  discharge. 
The  superficial  skin  over  the  swelling  was  thick  and  rough.  The  sulK'utaneous 
tissues  were  thickened.  The  swelling  was  firm.  There  was  no  tenderness,  redness 
nor  pigmentation.  The  lesion  was  curetted  and  a  small  piece  excised  for  examina- 
tion.    The  wound  healed  rapidly  under  sim])le  dressings. 


*  St.  Luke's  DisiH*n.sary,  No.  14310.     First  seen  March  30,  1907. 
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A  smear  from  tlie  Hcrapin^s  showed  many  polymorphonuclear  leucocytes,  a 
few  large  and  small  basophiles  and  occasionally  a  plasma  cell.  A  very  few 
cocci  were  observed,  but  no  other  bacteria  nor  parasites.  In  addition,  a  few  round 
bodies  identified  as  blastomyces  by  their  contour  and  budding  were  evident  in 
the  smear  from  the  exudate.  A  section  stained  with  hsematoxvlin  and  eosin 
showed  all  the  lavers  of  the  skin  and  a  little  subcutaneous  tissue.  Ulceration, 
infiltration,  and  necrosis  of  the  upper  layers  of  the  skin  appeared  at  one  edge-of 
the  section.  There  was  an  increase  of  dense,  fibrous  tissue  in  the  deeper  parts 
of  the  sections  and  strands  of  this  tissue  ran  out  to  the  edge  of  the  ulceration. 
The  tissue  near  the  ulceration  was  oedematous.  (Coagulation-necrosis,  deposit 
of  fibrin  and  considerable  infiltration  with  small  round  and  plasma  cells  and 
a  few  polymorphonuclear  leucocytes  was  present.  Other  sections  were  stained 
for  tubercle  bacilli,  as  well  as  by  the  methods  of  Wright,  Giemsa,  Gram-Weigert, 
and  silver  impregnation.  A  few  Gram-staining  cocci  were  seen  near  the  edge 
of  the  ulcer,  but  no  blastomvces. 

This  lesion  corresponds  pretty  closely  to  Strong's  description  of  his 
"ulceration  of  the  first  type.''  On  the  one  hand,  the  scarcity  of  pus  is 
common  to  both,  and  the  mode  of  onset  is  much  the  same;  on  the  other, 
Strong  encountered  an  oval  blastomyces  in  the  tissues,  whereas  in  this 
case  a  round  one  was  found  sparingly  in  the  exudate.  It  must  be  borne 
in  mind  that  in  this  case  the  condition  had  existed  for  four  years  when  it 
came  under  treatment,  and  that  probably  the  lesion  had  been  thoroughly 
curetted  when  the  stitch  was  put  in  Ix^fore  specimens  were  obtained. 
Supposing  it  to  be  of  parasitic  origin,  the  parasites  may  either  have 
died  or  have  been  scraped  out.  The  duration  of  the  ulcer  in  this  in- 
stance was  four  times  as  long  as  is  usual  with  Oriental  sore.  The  find- 
ing of  blastomyces  in  the  exudate,  which  might  have  been  secondary 
invaders,  is  of  no  value,  and  yet  the  assumption  of  a  blastomycotic 
origin  would  explain  tlic  chronicity  and  mildness  of  the  lesion  better 
than  any  other  diagnosis  I  can  make. 

SECOND   TYPE   OF   ULCERATION. 

Case  II.— Native,  age  21.*  Patient  says  that  five  months  ago  he  had  swel- 
lings in  both  groins  which  disappeared  under  treatment  by  a  Chinese  physician. 
There  was  also  a  sore  on  his  penis.  Then  a  small  boil  appeared  in  the  right  groin, 
resulting  in  an  ulcer  which  spread  slowly  in  spite  of  treatment.  Another 
ulcer  developed  later  between  scrotum  and  thigh.  The  patient  was  treated  for 
a  month  in  the  out-patient  clinic  and  was  admitted  to  the  wards  a  month  ago 
because  the  ulcers  were  obstinate.  At  the  time  of  entrance  he  had  a  large 
chancroid  on  the  penis.  The  chancroid  lias  improved,  but  the  large  ulcer  has 
remained  in  spite  of  vigorous  anti-syphilitic  treatment.  On  the  contrary,  several 
small  ulcers  have  appeared  recently  near  the  anus. 

The  patient  was  fairly  well  nourished.  He  had  no  skin  lesions  other  than 
those  already  mentioned.  There  was  slight,  general,  glandular  enlargement. 
The  throat  was  negative  and  there  was  no  periostitis.  Extending  from  the  base 
of  the  scrotum  to  the  inner  aspect  of  the  right  thigh  was  a  smooth,  granulating 
area   neither  elevated   nor  depressed   and   measuring  about   10.5   centimeters  in 

*  8t.  Paul's  No.  2697.     First  seen  April  24,  1907. 
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greatest  diameter.  Its  outline  was  made  up  of  cur\'e8  like  the  arcs  of  intersect- 
ing circles.  The  margin  was  clearly  defined,  a  little  raised  and  slightly  under- 
mined. The  surface  of  the  granulations  was  level ;  they  were  hoggy  and  dark 
bluish-red  in  color.  No  slough  was  visible.  Several  round,  ulcerated  papules 
appeared  near  the  anus.  Their  interior  resembled  the  surface  of  the  large  ulcer. 
There  was  an  ulcer  of  moderate  size  in  the  groin  which  appeared  to  be  improving. 
Dr.  Dudley  curetted  the  large  ulcer  and  those  near  the  anus.  The  granulations 
were  so  soft  that  they  could  almost  have  been  wiped  away.  The  fascia  beneath 
appeared  healthy.  A  week  later  the  ulcer  was  covered  with  healthy  granulation 
tissue,  but  at  the  end  of  the  second  week  the  surface  was  uneven  and  covered 
with  small  patches  of  grayish  slough.  The  granulations  at  the  edge  were  slightly 
exuberant,  and  those  in  the  other  portions  appeared  as  if  gnawed  away.  The 
color  of  the  granulation  was  light  red.  The  ulcer  of  the  groin  presented  the 
same  appearence.     There  had  not  been  much  change  in  the  size  of  the  ulcers. 

Smears  from  the  ulcerated  surface  showed  ordinary  pus  and  a  few  diplococci, 
but  no  other  bacteria.  Smears  from  the  depths  showed  neither  bacteria  nor 
parasites.  After  curetting,  agar  cultures  were  made  from  the  base  in  the 
ordinary  way  and  under  anaerobic  conditions.  They  remained  sterile.  A  culture 
on  blood  serum  showed  one  colony  of  staphylococcus  and  several  w)lonies  of  a 
white  mould.  A  section  stained  with  hsematoxylin  and  eosin  showed  a  rounded 
edge  covered  with  epithelium  and  undermined  by  ulceration.  The  papillary 
layer  of  the  epithelium  was  hypertrophied.  The  fibrous  tissue  of  the  corium  was 
much  increased  and  infiltrated  with  a  few  small  round  cells.  There  was  a 
fibrinous  exudate  on  the  surface  of  the  ulceration,  having  polymorphonuclear 
leucocytes  and  plasma  cells  in  its  meshes.  Other  sections  were  stained  with 
eosin  and  methylene  blue,  by  silver  impregnation,  by  Gram's  method,  and  for 
tubercle  bacilli,  but  neither  parasites  nor  bacteria  were  found  in  the  tissues. 

Like  Dr.  Strong's  second  case  this  ulcer  began  without  previous 
injury,  spread  slowly  in  spite  of  treatment,  and  did  not  improve  until 
after  curetting.  It  differed  clinically  from  Strong's  case  in  having 
a  smooth  base  and  no  slough,  although  the  lesions  may  have  been 
modified  by  the  two  months'  treatment.  The  discoloration  and  bog- 
giness  of  the  surface  recalls  Scheube's  (4)  description  of  phagedenic 
ulcers.  Against  the  supposition  that  this  ulcer  was  due  to  the  same 
organism  as  the  chancroid,  we  have  the  fact  that  the  lesitms  reacted  differ- 
ently to  treatment,  one  healing  and  the  other  not.  Syphilis  is  ruled 
out  by  the  failure  to  respond  to  energetic  treatment  with  iodide  and 
mercurials.  The  appearance  and  behavior  of  the  ulcer  was  not  as 
it  would  have  been  if  produced  by  tuben^ulosis.  When  first  seen  it 
differed  from  the  d(*scription  of  ulcerative  venereal  granuloma  (Meiise 
and  Manson)  (2  and  3)  in  having  a  dull,  bluish  ap])oarance,  a  smooth 
surface,  a  comparatively  rapid  development,  and  the  absence  of  a 
tendency  to  heal  in  the  center.  Dr.  Dudley  is  sure  that  until  he  curet- 
ted the  ulcer  it  had  neither  been  trimmed  nor  scraped  nor  cauterized, 
but  only  dressed.  Its  appearance  was  not  that  of  ulcerative  venereal 
granuloma.  In  favor  of  phagedena  are  the  obstinacy  of  the  ulcer,  the 
discoloration  of  the  granulation  tissue,  and  the  fact  that  common 
causes  can  be  excluded. 
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THIRD   TYPE   OF   ULCERATION. 

Case  III. — Native,'  age  37.  The  patient  states  that  he  had  smallpox  long  ago. 
but  no  other  illness  or  skin  affection  until  two  years  previously  when  he  received 
a  wound  from  a  board  on  the  left  leg.  A  large  ulcer  developed  from  the  wound 
and  at  about  the  same  time  others  appeared  spontaneously  on  the  other  leg. 
These  healed,  but  the  primarj'  ulcer  did  not.  The  patient  was  unusually  well 
developed  and  well  nourished.  There  were  no  lesions  in  the  throat,  no  glandular 
enlargement  and  no  anaesthetic  areas  nor  infiltrated  nodules. 

On  the  anterior  surface  of  the  left  leg,  midway  between  knee  and  ankle,  was 
a  smooth  scar  about  15  centimeters  long  and  0.5  centimeter  wide.  The  skin 
over  the  scar  was  pale,  and  the  hair  along  its  margin  was  white.  On  the  external 
aspect  of  the  leg,  surrounded  by  pigmented  rv&t  tissue,  was  a  shallow,  granulating 
area.  The  edges  were  neither  elevated  nor  undermined.  The  surface  was  clean. 
There  was  a  small  ulcer  on  the  front  of  the  leg.  covered  with  a  viscid,  purulent 
exudate  and  a  brownish  crust.  Grouped  around  the  right  ankle  were  many  pig- 
mented scars.  The  man  was  put  on  small  doses  of  potassium  iodide  the  day 
before  I  saw  him  and  antiseptic  dressings  were  used.  When  he  was  again  seen 
six  weeks  later,  the  large  ulcer  had  a  border  of  new  skin  around  the  edge,  and  the 
granulations  in  the  center  appeared  healthy.  Two  smears  from  the  exudate  of 
the  small  ulcer  were  examined.  None  were  taken  from  the  large  ulcer  because 
it  had  been  cleaned.  They  showed  polymorphonuclear  leucocytes  in  abundance, 
tissue  fragments  and  very  numerous  cocci  and  bacilli,  some  lying  intra-  and 
some  extra-cellular. 

The  history  and  course  of  this  case  is  typical  of  many  others  in 
wliich  chronic  nlcers  developing  after  trauma  have  been  followed  by 
ulcerations  in  other  parts  of  the  body,  particularly  on  the  leg.  It  may 
])e  seen  that  lesions  occurring  in  this  manner  are  not  all  alike  by  refer- 
ring to  the  second  case  described  under  the  fourth  type  of  ulceration. 
Some  cases  gave  little  indication  of  syphilis,  but  others  had  lesions 
suggesting  this  disease  strongly.  The  second  case®  (Ca*^  V,  p.  557)  of 
the  fourth  type  of  ulceration  is  sucli  a  one. 

Mense  (3^)  states  from  personal  observation  that  leg  ulcers  from 
trauma  are  very  common  in  Africa  among  the  negroes.  He  says  that 
they  heal  without  antisyphilitic  treatment,  are  often  large,  but  generally 
single.  In  our  case  the  balance  seems  to  swing  toward  syphilis  as  the 
most  probable  diagnosis,  but  there  is  nmch  room  for  doubt.  The  bac- 
teria o])served  were  probably  nothing  more  than  secondary  invaders. 
In  favor  of  syphilis  are  the  multiplicity  of  the  lesions  and  their  close 
resemblance  to  other  lesions  seen  in  undoubted  syphilitics.  Other 
characteristics  are  ambiguous. 

''(iSSn-S-P,  Bilibid  Prison.     First  seen  March  22,  1907. 
«St.  Luke's  No.  U584. 
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FOUnTU    TY1»E    OF    ILCKRATIOX. 

Case  IV. — Native,'  coacliman,  age  33.  Patient  denied  having  had  any  skin 
lesion  until  three  years  ago  when  he  was  scratched  by  harness.  An  ulcer  de- 
veloped at  the  site  of  the  scratch  and  gradually  increased  in  size.  The  patient 
appeared  healthy  and  showed  none  of  the  ordinary  signs  of  syphilis.  The  lesion 
was  roughly  circular,  17  to  20  centimeters  in  diameter  and  occupied  most  of 
the  posterior  surface  of  the  right  buttock.  It  extended  a  short  distance  across 
the  median  line  to  the  left  buttock.  The  skin  around  the  lesion  appeared  normal. 
The  margin  of  the  lesion  was  elevated  and  composed  of  a  dense,  inelastic  tissue 
covered  with  ])ink,  scaling  epidermis,  which  was  adherent  and  immovable.  The 
same  sort  of  tissue  covered  the  greater  part  of  the  lesion.  The  ulcers  near  the 
margin  were  small,  deep,  pit-like  and  of  uniform  size.  Their  edges  were  firm, 
inverted  and  slightly  undermined.  They  contained  sero-purulent  exudate  and 
there  was  a  yellowish  slough  at  the  base  of  each.  In  the  central  part  of  the 
lesion  the  ulcers  were  deeper,  larger  and  serpiginous  as  if  formed  by  confluence 
of  smaller  ones. 

A  smear  showed  polymorphonuclear  leucocytes  in  fair  numbers,  a  few  large 
basophilic  cells,  and  an  occasional,  small  lymphocyte  and  eosinophile.  A  few 
diplococci  were  observed  but  no  other  organisms.  A  section  taken  from  the  edge 
of  an  ulcer,  stained  with  hopmatoxylin  and  eosin,  showed  thickening  of  the 
Malpighian  and  papillary  layers  of  the  epidermis  and  vacuolation  of  some  of 
the  cells  of  the  upper  stratum  lucidvm.  The  normal  pigment  in  one  place  was 
wanting.  The  reticular  stratum  appeared  (edematous  and  showed  a  marked  in- 
crease of  connective  tissue  cells.  The  lymph  spaces  were  wide  and  contained 
polymorphonuclear  leucocytes  and  plasma  cells.  There  was  no  small  round-cell 
infiltration  about  the  veins  and  no  endarteritis.  The  epidermis  at  one  end  of 
the  section  was  undermined  by  ulceration.  At  this  point  traces  only  of  the 
structure  of  the  corium  remained.  There  was  much  fibrinous  exudate.  Other 
sections  stained  by  the  Gram-Weigert  method  and  for  tubercle  bacilli  show  many 
diplococci  and  a  few  bacilli  in  the  horny  layer  but  none  in  the  deeper  tissues. 
No  tubercle  bacilli  were  found  and  a  section  stained  with  silver  showed  no 
spirochfietne. 

The  patient  was  put  on  small  doses  of  potassium  iodide  and  the  lesion  was 
cleaned  and  covered  with  a  wet  bichloride  dressing.  It  appeared  much  better 
after  two  days  and  at  the  end  of  six  weeks  the  renmants  of  ulceration  were  covered 
with  a  few  small  scabs.  The  skin  over  the  site  of  the  lesion  was  still  pink,  but 
the  subcutaneous  induration  had  disappeared  and  the  skin  was  soft. 

Case  V. — Native,"  age  55.  History  unreliable.  The  j)atient  states  that  he 
was  kicked  by  a  horse  seven  months  ago  on  the  left  log,  and  that  a  chronic  ulcer 
developed  from  the  wound.  The  right  leg  became  ulcerated  at  about  the  same 
time.  The  patient  was  poorly  nourished.  There  were  no  scars  in  the  throat  nor 
any  typical  mucous  patches.  The  inguinal  glands  were  somewhat  enlarged  and 
hard,  but  the  other  glands  were  not.  On  the  front  of  the  left  lower  leg  was  a 
large,  serpiginous,  pocketed  ulcer.  Tlu*  pockets  containe<l  moist,  grayish  slough 
and  necrotic  granulation  tissue.  The  margin  was  indurated  and  bands  of  firm, 
inelastic  tissue  covered  with  adher(«nt  skin  inters(«cted  the  ulcer.  The  left  leg 
presented  a  few  pigmented  scars  around   the  ankle.     The  ulcer  was  cleaned  and 
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dressed  witli  an  antiseptic.  Tlie  ulcer  when  seen  again  two  days  later  appeared 
very  much  better.  A  piece  of  tissue  was  removed  from  one  of  the  knobs  in  the 
base  of  the  ulcer.     The  patient  stopped  coming  and  has  not  been  seen  since. 

Smears  from  scrapings  showed  blood,  with  a  few  polymorphonuclear  leucocytes 
and  many  cocci  and  thick  bacilli,  the  latter  intra-  and  extra-cellular.  One  slide 
also  contained  a  few  blastomyces.  A  section  stained  with  hsematoxylin  and  eosin 
showed  hypertrophy  of  the  middle  and  papillary  layers  of  the  epidermis.  There 
were  a  few  polymorphonuclear  leucocytes  and  plasma  cells  in  the  corium,  but 
no  lymphocytes  around  the  vessels  and  no  endarteritis.  No  necrotic  nor  ul- 
cerated areas  were  seen.  The  silver  stain  and  that  for  tubercle  bacilli  gave 
negative  results.  The  Gram-Weigert  stain  showed  many  diplococci  and  bacilli  in 
the  homy  layer  (the  former  were  positive  and  the  latter  negative  to  Gram). 

Case  VI. — A  young  native  woman.*  The  patient  was  poor  and  emaciated,  the 
throat  negative  and  the  glands  not  enlarged.  The  lesions  were  confined  to  the  legs 
and  feet,  which  presented  an  appearance  suggesting  elephantiasis.  The  knees 
could  not  be  completely  straightened.  The  left  foot  was  firmly  held  in  the  posi- 
tion of  equinus  by  contracted,  atrophied  muscles.  The  right  foot  and  ankle  were 
much  enlarged  and  held  immovable  by  the  dense,  wooden  character  of  the  swelling. 
The  skin  was  pink,  unyielding  and  immovable  with  a  macerated,  scaling  surface 
which  merged  into  large  ulcers  encircling  both  ankles.  There  were  sloughing, 
ragged  ulcers  of  varying  size  and  depth  on  the  feet.  The  great  and  second  toes 
of  the  right  foot  were  absent,  but  the  bone  was  not  exposed.  On  the  legs  there 
were  many  small,  round,  punohed-out  ulcers  of  equal  size,  having  firm,  inverted 
edges  and  a  yellowish  slough  at  the  base  from  which  exuded  a  sero-purulent, 
sticky  fluid.  The  legs  were  bathed  in  this  foul -smelling  exudate.  They  were  not 
anssthetic.  This  patient  was  under  observation  for  a  week.  The  lesions  improved 
under  simple  washing. 

Smears  from  the  exudate  taken  on  two  occasions  showed  pus  and  enormous 
numbers  of  bacteria  of  many  kinds.  Spirochstte  were  present  in  three  out  of  four 
specimens  and  were  very  abundant  in  two  of  these.  The  fourth  specimen  con- 
tained blood  with  a  little  pus  and  only  a  few  bacteria.  Many  of  the  spirochfft«e 
could  fairly  be  classed  as  8p.  refringens  Schaudinn,  but  the  characteristics  of  the 
majority  were  midway  between  these  of  typical  refringens  and  typical  Treponema 
pallidum  Schaudinn.     No  typical  examples  of  pallidum  were  seen. 

No.  17  (see  Table  I)  is  an  excellent  example  of  the  same  sort  of  hypertrophy 
and  ulceration.     The  toes  on  the  affected  limb  were  drawn  up  by  contractures. 

These  four  cases  had  tvs'o  important  common  characters:  First,  a 
similar  hypertrophic  process  affecting  the  skin  in  the  same  way ;  second, 
punched-out  ulcers  of  the  same  type.  These  fundamental  resemblances 
were  noticeable  at  a  glance.  Stelwagon  (6)  in  his  description  of  ulcerat- 
ing gummata  says  that  an  "elephantoid"  condition  with  punched-out 
ulcers  is  common,  that  it  has  no  clear  limits  and  that  in  a  few  months 
it  takes  on  a  violaceous  hue,  softens,  and  breaks  down  or  is  absorbed. 
The  indications  are  that  the  hypertrophic  condition  in  the  first  and 
third  cases  has  lasted  much  longer  than  the  limit  which  this  auther  has 
given.  The  process  in  tlie  first  case  was  pretty  definitely  circum- 
scribed, but  its  limits  in  the  third  case  could  not  be  determined.     Chronic 
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inflauimation  is  shown  in  the  sections.  Thev  are  not  characteristic  of 
syphilis  nor  of  tuberculosis.  The  bacteria  and  spirochgeta?  found  in 
the  smears  probably  were  all  secondary  invaders,  for  the.  most  part 
saprophytic.  Their  absence  in  sections  points  to  this  conclusion.  If 
we  concede  that  the  four  cases  have  the  same  etiology,  we  may  say  that 
they  are  due  to  a  chronic,  but  curable,  nontuberculous  disease  causing 
hypertropliy  and  ulceration,  and  that  the  disease  is  probably  infectious. 
The  diagnosis  of  syphilis  is  almost  forced  upon  us.  Blastomycotic 
infection  and  tertiaiT  lesions  of  yaws  are  far  less  probable  than  syphilis. 
Elephantiasis  does  not  require  serious  consideration  as  a  possible  diag- 
nosis. Whether  we  do  or  do  not  concede  that  these  cases  have  the  same 
etiology,  it  must  be  recognized  that  they  have  many  differences.  The 
contracture  and  loss  of  toes  in  the  third  case  and  contracture  in  the 
fourth  are  not  easily  explained  by  assuming  that  syphilis  alone  is  present. 
They  may  have  resulted  from  long  antecedent  phagedenic  ulcers  which 
preceded  the  hypertrophic  process.  The  present  condition  of  the  skin 
renders  it  difficult  to  judge  of  this  by  observation.  Nerve  leprosy 
seems  less  probable  as  an  explanation  in  view  of  the  careful  consideration 
it  was  given  and  the  negative  verdict.  Congenital  defects  and  trauma 
are  possible,  but  not  probable,  etiologic  factors. 

Table  T  of  the  Catbalogan  cases  shows  (1)  a  strikingly  large  number 
of  lesions  on  the  legs,  (2)  multiplicity  of  lesions,  (3)  a  marked  resem- 
blance in  the  distribution  of  lesions,  and  (4)  a  considerable  number  of 
deformities.  Clinically,  the  resemblance  between  individual  lesions 
in  different  cases  and  between  individual  cases  themselves  is  verv  strik- 
ing.     This  points  to  a  common  etiology. 

Tjcprosy,  tuberculosis,  and  s^^hilis  require  careful  consideration  in 
the  diagnosis  of  this  group.  Against  leprosy  we  have  the  facts  that 
there  were  no  signs  such  as  loss  of  eyebrows,  there  were  no  nodules, 
spots,  nor  anaesthesia,  and  also  six  or  more  smears  taken  from  inside 
the  nose,  the  lobes  of  the  ears  and  from  the  lesions  in  every  case  were 
negative.  Were  the  bone  lesions  tuberculous,  sinuses  or  typical  tuber- 
cular lesions  of  the  skin  would  have  been  present  in  some  of  the  cases. 
Nothing  of  this  sort  was  found  and  no  tubercle  bacilli  were  seen  in  the 
smears  made  for  leprosy. 

The  following  lesions:  Destruction  of  soft  palate,  dactylitis,  destruc- 
tion of  the  phalanges,  depressions  in  the  bone  of  the  forehead,  and 
"elephantoid"  swellings  of  the  legs,  with  gumma-like  ulcerations  indicate 
the  presence  of  syphilis.  The  microscopic  evidence  is  negative.  Syphilis, 
^hen,  is  a  probable  diagnosis,  but  syphilis,  uncomplicated,  rarely  produces 
ulcerations  deep  enough  to  cripple  limbs  or  amputate  toes.  According  to 
Scheube,  tropical  ulcerating  phagedena  does  this  very  thing.  Tt  com- 
monly invades  unprotected  lesions  in  the  Tropics.  Therefore,  the  diag- 
nosis of  syphilis  complicated  by  phagedena  might  be  made. 
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Table  III. — Tubidar  summary  of  ail  rases. 


Location  and  character  of  lesions. 


I  Number  of 
'      each. 


Percentage 
of  each. 


Ulcers  or  scars  of  lower  extremity 
Ulcers  or  scars  of  upper  extremity 
Ulcers  or  scars  in  other  locations  . 
Cteneral  glandular  enlargement .. 

Hypertrophic  bone  lesions  — 

Destructive  bone  lesions 

Amputations 

Contractures  __ 


82 

94 

IS 

35 

14 

41 

3 

12 

12 

12 

5 

15 

Table  II  of  tlie  Manila  cases  shows  the  preponderance  of  lesions  on 
the  legs,  as  is  the  case  in  Table  I,  and  also  demonstrates  that  the  number 
and  variety  of  lesions  in  the  Manila  cases  was  much  less  than  in  those 
from  Catbalogan.     Their  essential  characters  are  the  same. 

The  spirochagtae  which  were  seen  present  some  interesting  features. 
The  organisms  were  found  in  five  of  the  thirty-four  cases  (about  15  per 
cent).  There  were  several  varieties  which  may  be  divided  into  three 
classes. 

Table  IV. — Occurrence  of  spirochxUv, 


nT  ;    ^'^^' 

Class B. 

Class  C. 

4 

8 

Numerous 

Feu 

! 
Abundant Rare. 

Numerous 

14 
14560 
12846 

do 

do 

Numerous 

Few 

Numerous 

Abundant 

Characteristics  of  Class  A:  1.  Outline  wavy,  rather  than  spiral.  2. 
Curves  very  large  and  sweeping.  3.  Curves  few,  rarely  more  than  six. 
4.  Body  wide  and  short.  5.  Body  as  a  whole  nearly  straight.  6.  Ends 
gradually  tapering  to  a  point.  7.  Stains  dark  blue  with  Giemsa.  8. 
Stains  heavily. 

Characteristics  of  Class  B:  1.  Outline  wavy  rather  than  spiral.  2. 
Average  length  of  curve  is  moderate.  3.  Curves  shallow.  4.  Number 
of  curves  rarelv  more  tlian  ten.  5.  Curves  often  of  different  sizes  in 
same  individual.  6.  Body  often  bent,  curved  or  looj)ed.  7.  Body  of 
medium  thickness  and  medium  length.  8.  Both  ends  tapered  as  a  rule ; 
sometimes  one  end  is  truncated.     9.  Stains  blue  or  purple  with  Giemsa. 

Characterisiics  of  Class  C:  1.  Outline  wavy  or  spiral.  2.  Curves 
very  sliort.  3.  Curves  shallow.  4.  Number  of  curves  rarely  more  than 
fourteen.  5.  Chirves  of  nearly  uniform  size.  6.  Body  as  a  whole  nearly 
straight.  7.  Body  very  thin  and  long.  8.  Ends  tapered.  9.  Stains 
light  blue  with  Giemsa;  sometimes  purple.     10.  Stains  faintly. 
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Evidence  of  transverse  division  was  observed  in  all  three  classes.     It 
was  indicated  by  a  pale  area  between  two  curves  or  at  the  top  of  a  curve 
near  the  middle  of  the  organism  (PI.  1,  fig.  1,  a),  or  at  two  points  in 
the  same  organism,  dividing  it  into  thirds.      The  pale  area  appeared  to 
be  narrower  than  the  rest  of  the  body.     This  is  particularly  well  shown 
in  examples  of  Class  A,  when  the  division,  if  such  it  be,  is  nearly  com- 
plete.    It  might  be  argued  that  two  individuals  happening  to  lie  end 
to  end  would  produce  a  false  impression  of   transverse  diWsion,   but 
against  this  assumption  are  the  facts  that  many  instances  can  be  found 
in  a  single  specimen  and  tljat  the  line  of  the  curve  is  unbroken.     These 
appearances  occur,  but  they  are  by  no  means  as  distinct  in  Classes  B 
and  C  as  in  Class  A;  similar  ones  have  been  described  by  Goldhorn  (8) 
and  Fox  (5)  for  Treponema  pallidum,  and  by  Xovy  and  Knapp  (7)  for 
Spirochceta  obermeierL     Classes  B  and  C  also  at  times  suggest  longi- 
tudinal division  or  agglutination,  or  both.     A  very  few  examples  were 
observed  in  which  one  end  of  the  organism  was  distinctly  forked.     Two 
organisms,  intertwined,  were  not  uncommonly  seen,  but  in  many  of  these 
instances  four  separate  ends  could  be  distinguished,  so  that  the  arrange- 
ment might  have  come  about   either  by   longitudinal   division   or  by 
agglutination.     One  large  bundle  of  organisms  of  Class  C  was  observed, 
the   individuals   being   arranged   nearly   parallel    to   each   other.     One 
spirocho'ta  projecting  from   the  side  of  the  bundle  showed   a  forked 
extremity,  with  the  junction  of  the  ends  entirely  clear  of  the  bundle 
where  it  could  plainly  be  seen.     As  the  number  of  specimens  which  I 
have  examined  is  a  small  one,  these  data  on  the  question  of  multiplication 
of  spirochceicB  arc  not  considered  to  be  sufficient  to  prove  the  occurrence 
of  either  form  of  division. 

1  could  not  establish  the  causal  relationship  between  the  spirochcBtoB 
and  the  ulcers. 

SUMMARY. 

Four  different  ty})es  of  ulceration  were  studied.  The  first  and  second 
types  were  not  definitely  diagnosed.  They  were  probably  infections 
8ui  generis.  In  the  third  type  the  weight  of  evidence  is  slightly  in  favor 
of  syphilis.  Many  examples  of  this  were  seen.  In  the  fourth  type  the 
probability  of  syphilis  is  strong.  The  remaining  cases  of  the  series 
seem  to  be  variations  of  types  three  and  four,  which  might  all  be  placed 
in  one  group.  Together  they  would  comprise  94  per  cent  of  the  series 
(thirty-two  cases).  The  diagnoses  were  all  made  clinically,  because  the 
microscopical  findings  were  negative  or  ambiguous. 

The  cellular  content  of  the  exudates  was  nearly  the  same  in  all  the 
eases.     The  bacteria  were  as  a  rule  also  identical. 

Blastomyces  were  found  in  the  exudate  from  two  cases,  but  were  not 
proved  to  be  of  etiological  importance. 
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Spirochceta  ref  ring  ens  and  two  other  varieties  of  spirochceicB  were 
observed,  but  they  were  not  believed  to  bear  a  causal  relationship  to 
the  ulcers.     Evidence  of  division  was  seen  among  the  spirochaetae. 

Microscopical  findings  in  brief. 


Piis  and  pyogenic  bacteria 

Spirochsetse 

Blastomyces 


Number  of 
cases. 


34 
5 
2 


Percent- 
age. 


100 

15 

6 


CONCLUSION. 

Oriental  sore  as  described  in  the  text-books,  Madura  foot,  and  the 
typical  phagedenic  ulcer  of  Manson  and  Scheube  were  looked  for  in 
vain.  No  varicose  ulcers  were  seen.  The  proportion  of  ulcers  due 
to  typical  phagedena,  blastomyces,  and  infections  sui  generis  is  small. 
A  very  large  proportion  of  the  chronic  ulcers  are  syphilitic.  Owing 
to  neglect,  the  lesions  are  unusual  in  degree  if  not  in  kind,  and  they 
become  very  destructive. 

The  view  that  Spirochceta  refringens  is  a  bacterium  is  supported  by 
strong  evidence  of  transverse  division. 


(1 

(2 

(3 

(4 
(5 
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{Photomicrographs  by  Mr.  Charles  Martm,  Bureau  of  Science^  Manila,  P.  I.) 

Plate  I. 

Fio.  1.  Spirochceta  refringcns  (Claaa  A)  giving  appearance  of  transverse  divison 
nearly  complete;  also  an  unidentified  spirochseta  of  Class  B.  (1,000 
diam. ) 

2.  Spirochceta  refringens    (Class  A)    showing  signs  of  transverse  division. 

(1,000  diam.) 

3.  Spirochceta  of  Class   B,  one  of  them   showing  a   forked  end  suggesting 

longitudinal  division.      (1,000  diam.) 

4.  Twisted  examples  of  Class  B.      (1,000  diam.) 

5.  Spirochaeta  of  Class  C,  which  approaches  Treponema  pallidum^  side  by 

side  witn  Spirocha'ta  refringens.     (1,000  diam.) 

6.  Spirochfcta    of    Class    C,    undergoing    division.     Separation    incomplete. 

(1,200  diam.) 
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